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PREFACE 


The MANUAL OF ACCIDENT PREVENTION IN CON¬ 
STRUCTION was first published by The Associated General Con¬ 
tractors of America in 1927 as a missionary work in what was then 
a pioneer field. A First Revised Edition was issued in 1930, fol¬ 
lowed by a Second Revised Edition in 1938, a Third Revised Edi¬ 
tion in 1949, and a Fourth Revised Edition in 1952. 

The first edition of this Manual was aimed at persuading con¬ 
struction executives that active safety measures were urgently 
needed, set forth the proper organization and methods to achieve 
these measures, and compiled what now seem to be a few rudiments 
of “Safe Practices’’ on the job. These few suggestions represented 
all that had been formulated at the time of the first printing. 

Revised editions have expanded considerably on that first printing, 
with the part dealing with Safe Practices miore than doubled in 
size. The increased size reflects greater knowledge, based on ex¬ 
perience, new construction tools and methods, and the efforts of 
hundreds of men toward devising safe practices in applying these 
tools and methods. Emphasis throughout has been on practical 
suggestions: theoretical explanations and theories have been avoided. 

This Fifth Revised Edition follows the same pattern. The Intro¬ 
duction is highly recommended to those who feel that accident 
prevention measures are unnecessary or impractical. The intro¬ 
duction sets forth the cold facts on the costs of accidents, measured 
in human values as well as in terms of dollars and cents. 

Following the Introduction is a chapter on accident prevention 
organization, containing some recommendations for making safety 
work in your own organization, by providing an effective action 
structure. 

The remainder of the Manual is devoted to recommended safe 
practices on construction work. Each section deals with a different 
phase of construction activity, yet they all apply to any type of work. 

The same sequence of sections has been followed as that utilized 
in previous editions. Some sections with closely related subject 
matter have been combined. The entire Manual was reviewed by 
experts in each individual field: many substantial changes and addi¬ 
tions were found to be necessary, due to the changes in the past six 
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years which have had a major effect on construction technology. 
The sections on Explosives, Concrete Construction, Scaffolding. 
Power Tools, and Marine Equipment have been enlarged and up¬ 
dated. A section on Powder Actuated Tools has been added. The 
section dealing with Highway Construction has been greatly en¬ 
larged in scope, due to increased emphasis on this field of construc¬ 
tion, with resultant large numbers of new contractors doing this 
type of work and increased public exposure to construction opera¬ 
tions. Numerous illustrations, tables, and charts have been added, 
including many “Detail Sheets,” supplied by the National Safety 
Council, which supply practical designs for job safety measures 
and devices. 

It is hoped that the new edition, which has been issued in loose 
leaf form to permit future additions and changes, will prove to be 
of value to everyone concerned with construction. 

Accident Prevention Committee, 

The Associated General Contractors of America, Inc. 
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INTRODUCTION 


Total volume of construction—new, maintenance and repair— 
totaled approximately $65 billion in 1957. Applying a 35% factor 
for direct labor costs, 1957 payrolls aggregated $22,750,000,000. 
On the basis of a national average compensation-insurance rate of 
$2.99 per $100 of payroll, the nationwide compensation-insurance 
costs amounted to $680,225,000. With the conservative addition 
of direct-job costs (job stoppages, equipment damage, spoiled work, 
loss of manpower, etc.) of $1,360,450,000, it is clear that construc¬ 
tion accidents cost $2,040,675,000 in 1957. 

If one half of the accidents might be prevented by common sense, 
practical means, as has been proven possible, a saving of no less 
than $1,020,337,000 would result, in addition to the benefits derived 
from improved conditions, avoidance of suffering, and conserved 
manpower. This is economically sound, morally right and requires 
no magic formula beyond everyday common sense. 

While it may never be possible to completely prevent disabling in¬ 
juries and accidents in the construction industry, and while, be¬ 
cause of the inherently hazardous nature of construction, it may not 
be expected that accident records in this field can be brought down 
to the level of those in manufacturing, these conditions do not con¬ 
stitute a reasonable excuse for omitting to do all that can be done 
to reduce the waste and suffering that accidents cause. In fact, 
because the work is hazardous, and because it does present more 
difficulties in accident prevention, it should be given deserved added 
attention to get results. 

Accident prevention in construction is largely a matter of educa¬ 
tion, vigilance and cooperation. It is a matter of human relations 
rather than an engineering problem, except as to mechanical safe¬ 
guards, which prevent a surprisingly small percentage of accidents. 
“Mechanical safeguards,” as used here, is intended to refer to 
machinery and mechanical devices, and not to barricades, braces, 
guylines, railings, toeboards, and the like, which require constant 
attention. 

Hard and fast rules alone will not insure safety on the job. This 
can be secured only by constant and careful attention on the part 
of the superintendent and foreman, with the cooperation of the 
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workmen. An informed foreman having the knowledge and know¬ 
how to impart his knowledge is the key to any accident prevention 
program. If there is indeed a secret to the building of a good pro¬ 
gram of accident prevention, then in such supervisors, from the 
lowest to the highest levels, is where the answer is to be found. 

Men should be taught to think in terms of preventing accidents 
and taught not to take unnecessary chances. Legislation cannot do 
this. The administration and enforcement of laws and rules is an 
expensive procedure. Automotive regulatory laws are an excellent 
example. The law for example states a specific speed may not be 
exceeded without penalty. Does it stop speeding ? No! Inspection 
by industrial accident boards, departments of labor and industry has 
its place; but how infinitely better it is to prevent accidents by posi¬ 
tive action and at once remove the necessity for all this machinery 
of government. 

Many changes have taken place within the construction industry 
since the Fourth Revised Edition of the AGC Manual of Accident 
Prevention in Construction was published six years ago. Advanced 
methods of construction and modern equipment have been utilized 
to increase efficiency and reduce costs; total volume of construction 
has increased almost 67%; and a great defense program, taxing the 
capacities of the industry, has been effected. 

Unfortunately, this increased efficiency has not resulted in fewer 
accidents to the workman. Total death casualties in service from 
Pearl Harbor to V-J Day were 261,688; during the same period 
355,000 people in the United States were killed in accidents. 

Nor has the cost of such accidents been reduced. As has been 
pointed out, construction accident costs in 1957 amounted to $2,040,- 
675,000, including insurance premiums, labor turnover, interruption 
to and loss of production, administration expenses and loss of wages. 

Obviously then, the need for concerted effort in the industry to 
prevent accidents is greater than ever. Only contractors themselves 
can institute a practical accident prevention program for the con¬ 
struction industry; if it is left to others it cannot expect to be as 
effectve, will likely be more expensive and will undoubtedly be an 
actual burden to the industry. 
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Accident Defined 


What is an accident? An accident is an unintentional interrup¬ 
tion to an orderly process—a turning aside of an intended procedure. 
The injury to persons is only the evidence of an accident, the out¬ 
ward sign of something gone wrong. Employers are entirely too 
prone to measure accidents by this evidence, by the injury to per¬ 
sons ; but to prevent accidents it is necessary to go back to the cause, 
or causes, leading up to the occurrence, and if accidents occur with 
no injury to persons, they still should be listed and studied and an 
effort made to avoid them, because every accident whether it in¬ 
jures someone or not, is a hidden loss and a potential injury source. 

The gut line or an aerial cableway broke, dropping the tramway 
and all its supporting wires. Fortunately it happened on Sunday and 
no one was injured, but property was destroyed and damage done to 
form work. Conforming to usual practice, this was not recorded 
as an accident because no personal injury resulted; but such oc¬ 
currences should be noted, analyzed and their repetition avoided. 

Hidden Losses 

Research discloses that hidden losses are four to five times the 
cost of compensation insurance. Striking evidence of this cost has 
been furnished by an analysis of 5,000 accidents reports by H. W. 
Heinrich, of the Travelers Insurance Company, as follows: 

1. Cost of lost time of injured employee where paid by em¬ 
ployer although not due under compensation law. 

2. Cost of time lost by other employees who stop work: 

a. out of curiosity; 

b. out of sympathy; 

c. to assist injured employee; 

d. for other reasons 

3. Cost of time lost by foremen, supervisors or other executives: 

a. assisting injured employee; 

b. investigating cause of accident; 

c. arranging for injured employee’s production to be con¬ 
tinued by some other employee; 
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d. selecting, training, breaking in new employee to replace 
injured employee; 

e. preparing state accident reports, or attending hearings 
before industrial commissioner. 

4. Cost of time spent on case by first-aid attendant and hospital 
department staff when this time is not compensated by any 
insurance. 

5. Cost due to injury to the machine, tools or other property, or 
to spoilage of material. 

6. Incidental cost due to interference with production, failure to 
fill order on time, loss of bonuses, payment of forfeits and 
other similar causes. 

7. Cost to employer under employee welfare and benefit systems. 

8. Cost to employer in continuing wages, in full, of the injured 
employee, although the services of the employee who is not 
yet fully recovered may be worth only about 50% of their 
normal value. 

9. Cost due to the loss of profit on injured employee’s produc¬ 
tivity and on idle machine. 

Accident Prevention and Worker Morale 

Every man prefers to work where the management has some re¬ 
gard for him as a human being. The best means at the disposal of 
the management to indicate this is to provide a safe place in which 
to work. The cooperative machinery of accident prevention—the 
safety committees, the coming together of management and men in 
safety meetings, the constant insistence on the fact that accidents 
can be eliminated only through cooperation between management 
and the men—all these help to bring about, in the minds of execu¬ 
tives and workmen alike, a realization of the fact that they have 
common interests to a high degree. There is no better builder of 
morale than an honest, persistent safety campaign. 

Insurance and Rates 

For years the results of accident prevention effort have been 
recognized. Insurance companies have encouraged this work by 
various forms of experience rating systems, whereby employers are 
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given a reduction in insurance premium rates when their records 
show a reduction in losses; also state rate-governing bodies de¬ 
termine rate reductions from experience, and establish credits and 
debits that apply to manual rates. 

Although it is possible that actual premium rates per $100 of 
payroll may increase because of additional' use of machinery and 
labor-saving devices, concentrated production per man, amended 
benefits under compensation acts of the different states, and in¬ 
creased cost of administering such acts, still the dollar cost of in¬ 
surance per unit of construction cost will not be high with proper 
active accident prevention. On the other hand, in the absence of a 
well-run accident prevention program, the cost of accidents will 
certainly be more and more as time goes on and will' increase the 
cost of construction. 

The insurance company, for immediate purposes, at least, should 
e visualized as a financial institution dealing as banking institutions 
o only in dollars and service. As more or less money is withdrawn 
from a bank, so must more or less deposits be made to cover. In 
much the same manner expenditure for losses is presumed to dictate 
an insurance company’s requirement of more premium, or less, as 
the case may warrant. Many construction companies have concrete 
and material evidence to prove that the rates follow the losses down¬ 
ward quite as truly as others, to their sorrow, can prove the opposite 
trend of rates following excessive and unnecessary losses. The 
formula is simple: reduce losses, keep actual records of costs in 
dollars and cents, demand recognition from the carrying company, 
or, failing in that, seek competitive proposals. It is a safe pre¬ 
diction, however, that competition of insurance companies will 
cause recognition in the form of rate reduction. One area for ques¬ 
tioning should be given serious and intense scrutiny in any insurance 
coverage experience (loss ratio) rating report covering reserves for 
outstanding claims in connection with the individual construction 
company involved. It is not uncommon to find excessively hi<di re¬ 
serves carried on “nuisance value” claims; plus the fact that you 
may well have been overcharged initially in your premium due to 
improper classification of a portion of your employees. Either one 
or both, mean needless expense to the employer, and could well 
mean the difference between being awarded a job or losing out due 
to high insurance costs. 
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ACCIDENT PREVENTION ORGANIZATION 

Duties of Management 

The subject of safety offers one area of non-controversial mutual 
interest between management and employees. Here, if anywhere, 
there is agreement—agreement between management and men uni¬ 
versally on the necessity of safe operations, of protecting and con¬ 
serving lives by preventing accidents. 

Management can make a great contribution by showing a per¬ 
sonal interest in safety wherever possible, a man-to-man contact 
between presidents or owners with the men in the field who carry 
on the daily routine of safety engineering. 

So management’s number one responsibility in the accident pre¬ 
vention program should be to take time by personal contact and 
every available means to give timely credit and encouragement to 
the men who are actually doing the job. Attendance of manage¬ 
ment at employee safety meetings is one of the simplest, most con¬ 
crete, and most persuasive steps that can be taken to impress upon 
employees management’s sincere and serious interest in their safety 
on the job. 

Specifically, it should be the duty of management to: 

1. Have a definite policy concerning safety and accident pre¬ 
vention. 

2. Provide funds to assure the successful operation of the 
safety program. 

3. Provide trained safety men to represent management in the 
execution of the safety policy and program. 

4. Prohibit the placing of a price tag on safety. More specific¬ 
ally, buy only approved types of safety devices and equipment. 

5. Inaugurate safety and Red Cross or Bureau of Mines (ap¬ 
proved) first-aid training courses for employees. 

6. Issue appropriate instructions to insure the proper execution 
of the program and follow through to assure their being 
carried out. 
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7. I rovide and maintain channels through which instructions 
and information on accidents and costs may be given to 
foremen and supervisors (as directly affected) so they may 
be better qualified to carry out the safety policy of the 
organization. 

8. Manifest interest and sincerity in the safety program and 
reflect to employees that safety is a “must” program. In¬ 
sincerity is transparent and will defeat even the best con¬ 
ceived program. 

9. Recognize and apply the value of research in safety, just as 
we do in products, but dedicated to promotion of safe and 
sanitary operating conditions. 

10. Organize accident prevention committees to promote safety- 
mindedness and obtain maximum cooperation in following 
through on the adopted program. 

All of this adds up to implementing the responsibility that man¬ 
agement feels for the accident prevention program, and doing the 
things that translate that responsibility into performance. Such 
things as policy, personnel, channels of communication, safety de¬ 
vices and equipment and the carrying down, through all levels of 
management, the company’s official attitude toward accident pre¬ 
vention. 

Organization 

The first step management should take in securing the safety of 
the men on the job is to organize a safety program on a definite 
basis. To be effective, an accident prevention program should not 
be academic or theoretical. Accidents do not happen in convention 
or in the contractor’s office. They happen on the job and can best 
be controlled by the foreman in charge. This is as important a 
part of his work as production since results directly affect the cost 
of production. 

Croup Plan 

Common sense methods properly applied, should be flexible and 
should fit the work at hand. Any effort that produces results must 
pertain to the job and must be applied to the hazard and to the men 
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subjected to the hazard. It must be simple, direct and free of clut¬ 
tered ideas and mechanism. 

Undoubtedly the best method of planning accident prevention is 
the group plan, which is best implemented through local contractors' 
organizations such as chapters and branches of the Associated Gen¬ 
eral Contractors of America. 

The first requisite of this plan—or of any safety program—is that 
the executives or principals of the group have a sincere desire to 
inaugurate and maintain a vigorous accident prevention program. 
This is of prime importance; without this requisite the program will 
proceed indifferently or stop entirely. This is economically a sound 
approach since the monetary benefits revert directly to the contractor. 

Accident Prevention Committees 

The next step in the organization plan is the Accident Prevention 
Committee. 

The members of this committee should meet to determine a gen¬ 
eral plan of action. They should familiarize themselves with the 
provisions of this manual either by meeting or by individual study, 
section by section. Then, in further meeting, they should formulate 
definite plans for application of these provisions to the work of 
their group. Where conditions peculiar to a locality indicate that 
local rules or recommendations would be of value, the committee 
should carefully study the situation and formulate the necessary 
provisions. It should also realize that as these conditions change, 
provisions should be changed to keep pace with them. Any such 
provisions should be practical, simple and direct, not too technical 
and not too general. Be specific. A great deal of good will results 
from the actual work of studying the application of these provisions 
to the jobs, changing methods slightly where necessary to obtain the 
most practical result. 

If possible, this manual or sectional reprints and any local rules 
should be distributed to all of the foremen, superintendents, time¬ 
keepers, and clerks on the work of the group members. If not pos¬ 
sible to distribute manuals, the most important rules should be made 
available to them in some clear-cut form. In order that these rules 
shall be read and studied, the Accident Prevention Committee 
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should offer incentives to the men for the best suggestions for im¬ 
provement; after which the committee should prepare and distribute 
a questionnaire on the manual, preferably about once a month, and 
offer incentives for the best answers to the questions, to get the 
foremen, superintendents, timekeepers, and clerks familiar with the 
rules and with the elementaries of accident prevention. All of 
these fine ideas fall flat unless they are put to use and reach the man 
on the job, since he is the individual we are attempting to protect 
from injury and involvement in accidents of all kinds. 



Safety for the Public 

The public has a natural curiosity in construction projects, and 
this curiosity should be exploited public relations-wise. People will 
go to great lengths to get a good look at the operations, but their 
ignorance of the hazards makes it necessary for the contractor to 


Illustration A 

Sidewalk superintendents* shelter controls sightseers and promotes safety. 
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take steps to prevent mishaps. Providing means by which the public 
can observe the work, and at the same time be protected from its 
hazards, will pay dividends for the contractor. 

Sometimes a low fence around a job presents more of a hazard 
than none at all. The surrounding fence on one job was only four 
feet high, which afforded an excellent view, but tempted an indiscreet 
father to stand his small son on top, with a 16 foot excavation 
yawning below. 

Adults as well as children often are unable to comprehend danger. 
The only way to discourage such a practice is to build a fence at 
least six feet high, with knotholes cut in the fence or rectangular 
openings made and covered with wire mesh to accommodate the 
“sidewalk superintendents.” 

In cities where construction work is in progress, the public may 
be forced to walk in the streets because of open excavation. The 
contractor should provide well-defined lanes of traffic for the pedes- 
trains and a double row of barricades or a well-supported wooden 
walkway with handrails that will guide the public past the job 
safely. The William P. Jungclaus Company, Inc., erecting an 
addition to a large Indianapolis department store, provided a well- 
constructed sidewalk shed for the safety of the public. The side¬ 
walk shed had many desirable features, including the alternate 
striping on the fence at the end of the passageway and the facilities 
for night lighting that marked the outer edges of the structure. In 
this case the public was told what was being constructed by means 
of an attention-getting message on the fence. 


Telling the Public 

Every effort should be made to let the public know that a safe job 
is under way. The Henry Ericcson Company of Chicago, did this 
with “Scotchlite” signs. The signs were placed where the head¬ 
lights of cars shone directly on them at night, making them visible 
day and night to thousands of persons. In reading a message like 
this, the public becomes aware that the contractor is interested in 
the safety of his workmen and the public. Such signs must be brief 
and precise in their message lest they become hazards in themselves 
by distracting the driver. 
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Public Relations 


Accidents on the job are probably the greatest single source of bad 
public relations for the general contractor. When a scaffolding 
collapses and a workman is hurt it is news and it is useless to try to 
keep it out of the papers. Instead, every effort should be made to 
see that the newspapers get full factual details, together with the 
story of the contractor's safety program to prevent accidents and to 
take care of injured workmen. Everyone realizes that accidents 
occur on a construction job or any job, in spite of measures taken to 
prevent them. The public is always a bit skeptical about whether 
sufficient efforts are being made to prevent accidents and they 
wonder about the care provided for injured workmen. Publicizing 
your accident prevention program and using highly regarded medical 
personnel is a good, positive, difficult to criticize, approach. 

When a large project is completed without any accidents this 
fact should be brought to the attention of editors and reporters, or 
it can effectively be told in an advertisement. The prevention of 
accidents is undoubtedly a source of public good will, if the public is 
told about it. 

Educational Program 

The success of any effort to prevent accidents depends largely 
upon the effectiveness of the educational program, and it is this phase 
of the program that often requires the most imagination and in¬ 
genuity. 

Many ideas have been used successfully to educate workmen in 
accident prevention. They include: 

1. Use of safety posters, safety instruction cards and signs. 

2. Safety meetings. 

3. Special safety instructions to new employees. 

4. Suggestion systems. 

5. Classes in safety and first aid. 

6. Incentives or awards for accident prevention. 

It is not advisable to attempt too many of these activities at the 
same time. Educational programs should provide variety. To give 


20 


June, 1958 







THE WEARING of 
SAFETY ms 

IS 

REQUIRED ON THIS JOB 


notice 


OUR EMPLOYEES 
ON THIS JOB 
HAVE WORKED 


WITHOUT 
A LOST TIME 

accident 

theIbest previous 
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Tidewater Construction Co. 


Illustration B 

Job safety signs promote employee cooperation and are good public relations aids. 


maximum effect the foreman should present as much of this material 
as possible to the men under his leadership. This approach lends 
prestige to the foreman and enhances his sense of responsibility for 
the prevention of accidents. 

The worth of the safety poster has been demonstrated so often 
that there can be no question about its value in construction. In¬ 
variably it proves an effective medium for attracting the employees’ 
attention and getting across a safety message that is effective. 
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There are four general rules which should be followed to make 
posters successful: 

1. Select posters objectively. Plan your poster program well in 
advance and let your accident record be your guide. Know exactly 
what attitudes, unsafe practices and other hazards you want to cor¬ 
rect, and be sure you know where and how they need correcting. 
Then select a balanced supply of posters with a variety of sizes and 
a proper proportion of thought-provoking vs. inspirational, serious 
vs. humor, long message vs. short-message “flash” types. 

2. Place posters strategically. Test the effectiveness of many dif¬ 
ferent locations. Check and record the numbers of readers until 
you are sure you have located the most valuable spots. Use “flash” 
type posters where traffic keeps moving. Long message posters are 
more effective in washrooms, stockrooms, shops—places where 
traffic moves slowly or can stop easily—and in work areas. 

3. Display posters attractively. Even the finest poster loses 
much of its force when placed in unattractive surroundings. Pro¬ 
vide boards or frames for displaying your posters. Use gay colors 
on backgrounds or colored cardboard mats when possible. Most 
important of all, see that your posters are illuminated adequately. 
Never gang up a large display of posters. Three on a single bulletin 
board is usually the maximum. Instructional posters and wall 
charts intended for permanent display can be kept clean and attrac- 
tive when placed behind glass or plastic. 

4. Change posters frequently. Posters not intended for perma¬ 
nent display should be changed at least once a week. Change the 
arrangement of the board more frequently, if possible. Try to add 
to or change some part of the board each day, with news items, 
clippings, announcements, photographs, etc. Time spent training 
personnel who will be in charge of servicing your display boards 
will pay real dividends in results. Give them your ideas on good 
display techniques and encourage them to keep the boards interest¬ 
ing and attractive. Never stop making spot checks on boards and 
working toward improvement. One way of assuring that your em¬ 
ployees assimilate the message is to award the first person capable 
of quoting the current poster message with a dollar bill. From that 
point on everyone will pay attention to posters. 
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In addition to safety posters, the Safety Instruction Cards dis¬ 
tributed by the National Safety Council have proved to be valuable 
advertising aids. These cards (3 x 5") give definite, brief instruc¬ 
tions on how to do the job safely. 

The distribution of Safety Instruction Cards should be a part of 
the general safety program. Probably the best method of distribu¬ 
tion is to have each card handed out directly by the foreman. There 
is good psychology in this method for when the “boss” speaks, most 
workers listen carefully. The foreman, with a few words to each 
man, can impress upon him the importance which management and 
he, himself, attaches to these cards. 

Signs prepared by the contractor for use on his job are also effec¬ 
tive. An appropriate sign used on a building construction project 
by the W. E. Wood Company of Detroit, Michigan, read as follows: 

NOT WANTED 

The University of Michigan does not want accidents on 
this work. 

The Architects do not want accidents on this work. 

The General Builder is very anxious to avoid accidents 
on this work. 

The Subcontractors are all cooperating to prevent acci¬ 
dents on this work. 

The Workmen certainly do not want accidents on this work. 

All Together. No Accidents. 

W. E. WOOD COMPANY. 

Suggestion Systems 

i 

Since accident prevention is so closely associated with efficiency, 
it is not strange that many of the safety suggestions received are 
valuable not only in preventing accidents but also in lowering the 
cost of operation. Employees should be encouraged to submit all 
suggestions which in their estimation will: 

1. Decrease the danger of accidents to themselves or their fel¬ 
low workers. 
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2. Eliminate lire hazards. 

3. Result in better working conditions. 

4. Decrease waste of materials, power, space and labor. 

5. Improve methods or processes. 

6. Improve equipment. 

Some persons think it is the duty of employees to make these sug¬ 
gestions without special encouragement and without maintaining 
an organized system. This is not necessarily true; employees need 
the assurance that their suggestions are appreciated and will be given 
careful consideration. 

Employees sometimes offer worthwhile suggestions only to see 
them appropriated by foremen or others in positions of authority 
who take credit for them. As a result, those employees will submit 
no more suggestions. The employees themselves should be given 
proper credit and recognition for useful suggestions. Recognition 
may be in the form of a prize, a bonus, or a cash payment in pro¬ 
portion to the value of the suggestion. 

It should be made easy and convenient for workers to submit 
suggestions, otherwise they will not bother at all. The usual prac¬ 
tice is to provide small lockboxes with slotted lids scattered through¬ 
out the job. Each box should be clearly labelled with a notice stat¬ 
ing the rules or conditions under which the system is operated. Real 
success in the operation of a suggestion system is possible only when 
the system is given the careful supervision of some one person in a 
position of authority, preferably the person in charge of accident 
prevention. The man who supervises the system, however, should 
not have sole power to accept or reject suggestions. This power 
should be given to a suggestion committee. 

Suggestions should be collected frequently and regularly. Each 
one should be dated and acknowledged at once. Immediately after 
each meeting of the suggestion committee, each person submitting a 
suggestion should be notified as to what action was taken on his 
suggestion. Even though his suggestion may have had no value, 
it should be courteously answered to encourage the system. 

The interest of employees in the suggestion system can often be 
maintained by the owner or chief executive giving special recogni- 
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tion to the winners. This may be done by writing personal letters of 
congratulations or by congratulating them in person. 

Some firms encourage their employees to take an interest in the 
suggestion system by making a practice of referring to the sugges¬ 
tion records before promoting them. In this way, they can often 
locate the man they want by judging the intelligence of the sug¬ 
gestions he has made. 

Board of Inquiry 

Arrangement should be made for the Accident Prevention Com¬ 
mittee to conduct an investigation as soon as possible after the 
occurrence of each serious or fatal accident. This board of inquiry 
should be composed of the inspector, the secretary of the group, a 
representative of the firm on whose work the accident occurred and 
the superintendent in charge. It should visit the site or scene of 
the accident, make its own investigation of physical conditons, take 
testimony of eye-witnesses after explaining the purpose of the in¬ 
vestigation, solicit suggestions and recommendations for preven¬ 
tion of similar accidents, and report its findings and recommenda¬ 
tions to the accident prevention committee, with the sole objective 
of preventing that type of accident on the work of the group mem¬ 
bers. The psychological effect of the inquiry is probably as valuable 
as the actual findings and recommendations. 

It is important that the workmen be urged to speak their minds 
freely at such inquiry sessions and that the foreman or superin¬ 
tendent shall not be permitted to speak for them, or prompt or in¬ 
terrupt them. 

Cooperation with Other Agencies 

When a group or firm has started their accident prevention pro¬ 
gram, it is advisable to affiliate with other agencies such as the local 
safety council and the National Safety Council. Through this 
affiliation and attendance at their meetings, the representatives of 
the group will meet with other accident prevention men, safety engi¬ 
neers, and officials of insurance companies, and the exchange of 
views and information will be very helpful. 

The cooperation of the subcontractors, or in cases of separate 
contract, other contractors on the work, is very necessary. In the 
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matter of accident prevention, the separate contract work has been 
found unsatisfactory, producing a divided responsibility and lack 
of coordination which is detrimental to the safety plan, and hard 
to overcome. Ofi those operations when the separate contract plan 
is in effect, a meeting of all the contractors should be called by the 
owner or architect, and the accident prevention plan coordinated 
as much as possible. 

On general contract jobs, the cooperation of the subcontractors 
is essential. Representatives of the subcontractor should be in¬ 
vited to the meetings of the foreman and superintendents in order 
to get a full appreciation of the need of cooperation necessary to re¬ 
duce accidents. 

Accident Prevention Planning 

(The following is from “Accident Prevention Will Save—Not 
Cost Money,” by Walter J. Byrne, and appeared in the February, 
1948, issue of “Contractors and Engineers Monthly.”) 

“The speed under which construction jobs must proceed does not 
allow a single operation to continue long enough to become 'safe’ 
through trial-and-error elimination of the causes of accidents. In 
addition, two contractors building adjacent highway sections over 
similar terrain or erecting bridges of identical design may have 
entirely different accidents. A further problem presents itself in 
that construction workers are recruited in what might be termed a 
casual manner, and job employment is of a fluid nature. 

“In order to cope with the safety problems peculiar to the con¬ 
struction industry a procedure must be established whereby construc¬ 
tion management can predetermine the hazards which its machines, 
equipment, and methods create. Accident prevention must be 
planned into each project and into each of the many separate activi¬ 
ties that make up the job. The equipment available, its arrange¬ 
ment and use; erection procedures; design and construction of false¬ 
work; handling and storage of materials; worker instructions—all 
of which must be considered if effective results are to be obtained. 

Prevention Costs 

“Where job accidents are accepted in their true light as inter¬ 
ruptions in orderly procedures, accident-prevention costs are im- 
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possible to separate from efficient operating costs. A study of 
thousands of construction accidents indicates that the methods fol¬ 
lowed or permitted by the contractor in performing operations are 
among the primary factors in determining what accidents are likely 
to occur. 

“On a highway rough-grading contract, a power shovel, bulldozer, 
and ten trucks were assembled to work in a prescribed manner. The 
job superintendent asked himself this question: Where are acci¬ 
dents likely to occur in such a set-up ? This personal inquiry iden¬ 
tified the main haulage road between the cut section and spoil pile 
some 1,000 yards distant as a likely trouble spot, since it was not 
wide enough for planned two-way traffic. Check of an existing 
short-span timber bridge indicated that the structure required 
strengthening to sustain heavy truck loads. Two truck crossovers 
made blind by the presence of trees were also noted. The bulldozer 
was dispatched to widen the haul road with the initial loads from 
the cut section; the bridge was strengthened; and twenty trees were 
felled at the two crossovers. What price accident prevention? The 
superintendent charged it off to normal operation and the job pro¬ 
ceeded without interruptions from these sources. 

“A contractor completed a large project and moved onto another. 
Four out of five of the serious accidents on the completed job oc¬ 
curred during equipment-maintenance operations. These accidents 
were caused by 1. mechanical failure and fall of a raised dump 
body under repair; 2. a locking ring which blew out of a tire being 
inflated; 3. a flash fire when gasoline was spilled over a hot truck 
motor being refueled; 4, a kick-back while a truck motor was 
being cranked. 

“The purchase of a $2.50 funnel, the building of a tire-inflation 
rack, the make-up of ten sets of blocks to support raised truck 
bodies, and the use of a rope loop to crank truck motors set up a 
system of controls which prevented a recurrence of these accidents. 
The cost of the four accidents (one fatality) on the previous job 
had totaled $11,000. The cost of materials, equipment, and labor 
for prevention costs on the new job totaled $50. 

“In his haste to begin excavation of a highway underpass across 
an existent heavily traveled road, the project manager neglected to 
provide warning signs and a signalman for approaching traffic. 
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During the first three days two passenger cars met with accidents 
which resulted in liability and property-damage claims in excess 
of $25,000. Immediately afterwards, appropriate warning signs, 
flares and a deputized, uniformed policeman were provided. No 
other traffic accidents occurred during the four months required for 
completion of the work. Prevention costs amounted to $1,000. 
Protection of the public has been included in a lump sum in the job 
bid as required in the specifications; unfortunately, preventive action 
had been just three days late. 

“A cofferdam caved in because its builder relied on what proved 
to be nonexistent, heavy passive pressure anchoring the toe of the 
sheet piling which had made up the cofferdam. No one was injured, 
but the cost of pulling and re-sinking the cofferdam amounted to 
$7,500. As accurate sub-stratum data were not available upon 
which to base sound engineering judgment, the insertion of an addi¬ 
tional wale set at a cost of $200 would have meant the difference 
between chance and predetermination. The additional wale set 
was made a part of the second cofferdam design. 

“Case history after case history of past accident records can be 
cited wherein accident-prevention costs are clearly an integral part 
of efficient operating costs. Fast-moving, well-planned jobs have 
consistently established excellent accident records with little or no 
direct expenditure for accident prevention. 

Job-Safety Engineer 

“Where the size of a job warrants, the employment of a trained 
safety engineer has proved of real value. Such personnel represents 
a clear-cut accident-prevention cost. By superimposing a knowl¬ 
edge of accident causes onto proposed operating methods the safety 
engineer can predetermine potential accident-producing conditions; 
he can help the construction manager and the job superintendent 
formulate elimination and control measures. Clearly define the 
safety engineer’s assignment and the limitations of his authority. 
He too must know the area in which he is to operate to be effective. 

“Where the size of the project cannot support a safety engineer 
the assignment of an assistant superintendent or job engineer as 
part-time safety engineer is a practical step. On the other hand, 
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assigning a timekeeper to police the job for nail boards and unsafe 
conditions and to exhort workers to 'Be Careful' is of questionable 
value and causes craftsmen to gripe with justification. 


Safety Meetings 

"Holding short properly conducted safety meetings for job per¬ 
sonnel is a practical means of reaching all workers. But holding 
such meetings merely to prod workers to 'Be Careful' and 'Work 
Safely,' as the slogans go, has little value. To be effective the 
material presented must be specific, intelligent, practical, timely and 
of genuine interest. 

"The construction worker often picks up numerous unsafe tech¬ 
niques during his training. Therefore, information as to the proper 
use of tools, the proper handling of materials, and the controlled 
operation of equipment represents topics for successful meetings. 
Such meetings should be run preferably by the job superintendent. 
The time allotted for them is chargeable to prevention costs. Monthly 
meetings of 15 minutes, for as long as the job lasts, have proved 
effective. The labor cost per 100 men on the job for such meetings 
runs under $50, or roughly 0.2 of 1 per cent of the total labor cost. 

"As accident prevention is fundamentally based upon the use of 
the best methods, foremen's meetings provide the most practical 
means of enlisting the assistance of these trained men in the work 
of isolating and controlling job hazards. At such meetings, em¬ 
phasis should, perhaps, be placed on the issuance of work orders. 
Where job instructions to workers include not only what is to be 
done, but—of equal importance—how it is to be done, the accident 
potential diminishes. All of us are victims of our own human 
failures. Complete work orders tend to minimize the human failure 
and thereby insulate against injury. Weekly meetings 30 minutes 
long provide a practical and effective schedule for job foremen. 
Where the meetings are held outside of regular hours, the time in¬ 
volved is properly chargeable to accident-prevention costs." Good 
communication is essential if such a program is to produce results. 

Accident Records—How to Compile and Use Them 

One of the most important parts of the accident prevention pro¬ 
gram is the compilation and maintenance of records. 
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I he principal purpose of compiling accident records or statistics 
is to prevent accidents by: 

1. Showing the operating executives and the safety department 
where accidents are occurring and from what causes, so they 
may know where to concentrate their efforts for prevention, 
and 

2. Attracting the attention of workmen, jobs or departments so 
that the superintendents, foremen and workmen will strive to 
produce a record which will compare favorably with other 
departments and with their own past record. 

Any collection of figures, no matter how interesting, which can¬ 
not be used for one or both of these purposes, is practically value¬ 
less for accident prevention and has no place in an efficient organi¬ 
zation. 

The purpose here is to suggest simple methods of: 

1. Collecting accurate construction accident records. 

2. Tabulating them so they will be significant and usable for ac¬ 
cident prevention purposes; and 

3. Displaying the information thus obtained, in the form of 
charts or otherwise, so that it will be interesting and easily 
intelligible to the operating executives and to the workmen. 

Collecting Accident Data 

Forward: While details must be varied to meet local conditions 
and to fit in with the size and scope of the construction operations, 
the general outline of the system used is fairly uniform. The method 
and the forms suggested below can be modified or expanded so as 
to be adaptable to the needs of almost any employer. 

Accident records to be of practical value, should include the 
complete story from the time the accident occurs until the injured 
person is back at work or the case otherwise adjusted and closed. 
Samples of record cards can be borrowed from the Library of the 
National Safety Council by those who are interested. 

The medical department, hospital or first aid attendant should 
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HOSPITAL RECORD OF INJURED EMPLOYEE 
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Illustration C 

FORM 1 (front) typical hospital record card. 


June, 1958 


31 


Medical Officer 





































Name 


o 

£ 


o 

£ 


Q 

I 

U 

w 

H 

£ 

w 

3 

H 

C 

W 

H 







Q 


Illustration D 

FORM 1 (reverse) typical hospital record card. 
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keep a daily record of all injury cases reported, whether serious or 
minor. Even apparently trivial injuries may later become serious 
and result in controversy, and in such cases a record made at the 
time of injury will prove valuable. This daily record should show 
the name and check number of the injured, cause and nature of the 
injury, where accident occurred, the treatment given and disposition 
of the case. Records of dressings are usually kept in a book, using 
one line for each case. 

In addition to the daily record book, the medical department 
should, at the time the injured employee reports for first treatment, 
start a “case” record card such as Form 1, and should make suitable 
entries thereon from time to time until final recovery. Some use 
such cards for lost time cases only: others use them for all injuries 
which require medical’ attention. Unless the safety department has 
convenient access to these records, the medical department should 
send a report to the safety department or main office giving the 
necessary information. 

In the case of all injuries which cause a loss of time, the medical 
department should at once notify the safety department, the super¬ 
intendent or foreman. The safety department or main office should 
be notified so that an investigation may be made at once of the cir¬ 
cumstances surrounding the accident. The superintendent or fore¬ 
man should be notified so that they also may investigate, make a 
report of the accident and correct any hazardous practice or condi¬ 
tion. Form 2, Notification of Absence, is typical of the forms used 
for this and may be used for cases of sickness as well as accident. 

On jobs having no medical department or first aid room, a report 
similar to Form 2 should be made out by the first aid attendant or 
person who sends the injured man to the doctor. 

As soon as the foreman is notified of an accident he should make 
an immediate investigation, make a report (Form 3) and send it to 
the safety department or main office. On jobs having a well or¬ 
ganized safety department, a separate investigation is made by an 
inspector of that department. The results of such investigation may 
be separately reported on Form 3 or some similar form, including 
a more complete narrative of the accident, description of machinery, 
etc., and in many cases a sketch or photograph made as soon as 
possible after the accident. 
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FORM 2: typical notification of absence cards to be filled out by the medical de¬ 
partment for all accident or sickness lost-time cases. Copies should be sent to 
the safety department, superviser, or foreman. 
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FORM 3: typical foreman’s report of accident card. This should be filled out at 
once, and sent to the safety department or main office, the superintendent or 
foreman retaining a copy. 
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Practically all states now have compensation laws and require a 
report, on a standard form, for all accidents causing more than a 
specified loss of time. To insure that such reports will be accurate 
and complete, they should be filled out by a competent person. 
Some companies find it advantageous to use the state report form 
for all lost time accidents, in place of Form 3. 

That the report may show correctly the wage of the injured per¬ 
son, it is necessary that the accounting department furnish this in¬ 
formation. A simple form may be prepared for this purpose, with 
space for the names of several men on a single sheet. Since the 
methods used by various states differ in regard to the calculation of 
compensation, it is necessary that each company instruct the account¬ 
ing department as to the proper method of computing wages for 
this purpose. 

It is to be assumed that the employment department has a 
permanent record of each employee showing employee's sex, age, 
race or nativity, whether married or single, number of children and 
other dependents, the date employed, whether at the time of employ¬ 
ment he had any physical defect or deformity, such as defective sight 
or hearing, and possibly such other information. It is advisable that 
the information given by the employee at the time of accident be 
checked with his employment record card. 

Return to Work Notice 

When an injured employee has recovered sufficiently to return to 
work, the medical department should notify the safety department 
or main office, with copies to the superintendent or foreman and the 
employment department if desired. Form 4 is well adapted for 
such notification. If a practicing physician attends the injured per¬ 
son, or if the job does not have a dispensary or hospital it may be 
more satisfactory for the doctor to notify the safety department or 
main office (preferably in writing) when injured men are able to 
resume work after which the safety department or main office will 
issue Form 4 to the departments concerned. 

Tabulations of Accident Data 

With a satisfactory system for recording the facts in connection 
with each accident the next step is to compile the data so it will be 
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ABLE TO RESUME WORK NOTICE 

T o_ _ Dept. 

Name_ Check No._ 

Absent since_19_on account 

of __ 

is able to resume work on_19_ 

at_ 

Date_ 19_ 


Medical Department 


Illustration G 

FORM 4: sample notice of ability to resume work notice, to be sent to safety de¬ 
partment or main office, with copies to superintendent or foreman. 

useful. A uniform method of tabulation should be followed so 
that one job may be compared with another. 


AMERICAN STANDARD METHOD OF RECORDING AND 
MEASURING WORK INJURY EXPERIENCE 

Introduction 

The purpose of this standard is to provide a practical and uniform 
method for recording and measuring work injury experience. In¬ 
jury rates compiled in accordance with this standard may be used to 
evaluate: 

(a) the relative need for accident prevention activities in dif¬ 
ferent departments of an establishment 

(b) the seriousness of the accident problem in an establishment 
or industry 

(c) the effectiveness of safety activities in establishments with 
comparable hazards 
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(d) the progress made in accident prevention within an establish¬ 
ment or industry 

The fact that the employee or employer did not have control over 
the cause of a work injury shall not be a criterion for excluding the 
work injury from application of the provisions of this standard. 

The methods outlined in this standard for classifying work in¬ 
juries are independent of workmen's compensation laws and rulings 
of workmen’s compensation agencies. 


7. Definition 

1.1 Work Injury is any injury suffered by a person which arises 
out of and in the course of his employment. (Wherever the word 
“injury” is used in this standard, it shall be construed to include 
also occupational disease and work-connected disability.) 

1 . 1.1 Occupatonal Disease is a disease caused by environmental 
factors, the exposure to which is peculiar to a particular process, 
trade, or occupation, and to which an employee is not ordinarily sub¬ 
jected or exposed outside of or away from such employment. 

1.2 Classification of Work Injury 

1.2.1 Death is any fatality resulting from a work injury, regard¬ 
less of the time intervening between injury and death. 

1.2.2 Permanent Total Disability is any injury other than death 
which permanently and totally incapacitates an employee from fol¬ 
lowing any gainful occupation, or which results in the loss of or the 
complete loss of use of any of the following in one accident: 

(a) both eyes 

(b) one eye and one hand, or arm, or leg, or foot 

(c) any two of the following not on the same limb: hand, arm, 
foot, or leg 

1.2.3 Permanent Partial Disability is any injury other than death 
or permanent total disability which results in the complete loss or 
loss of use of any member or part of a member of the body, or any 
permanent impairment of functions of the body or part thereof, re- 
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gardless of any pre-existing disability of the injured member or 
impaired body function. 

The following injuries are not classified as permanent partial 
disability: 

(a) inguinal hernia, if it is repaired— for unrepaired hernia , see 
Table of Scheduled Charges 

(b) loss of fingernails or toenails 

(c) loss of tip of finger without bone involvement 

(d) loss of teeth 

(e) disfigurement 

(f) strains or sprains which do not cause permanent limitation 
of motion 

(g) simple fractures to the fingers and toes; also such other frac¬ 
tures as do not result in permanent impairment or the re¬ 
striction of normal function of the injured member 

1.2.4 7 emporary Total Disability is any injury which does not 
result in death or permanent impairment, but which renders the in¬ 
jured person unable to perform a regularly established job (see 1.7) 
which is open and available to him, during the entire time interval 
corresponding to the hours of his regular shift on any one or more 
days (including Sundays, days off, or plant shutdown) subsequent 
to the date of the injury. 

1.2.5 Medical Treatment Injury is an injury which does not re¬ 
sult in death, permanent impairment, or temporary total disability, 
but which requires medical treatment (including first aid). 

1.3 Disabling Injury is a work injury which results in death, 
permanent total disability, permanent partial disability, or temporary 
total disability as defined in 1.2. These are the injuries used in cal¬ 
culating the standard injury frequency and sez’erity rates. 

1.4 Lost Time Injury is the same as disabling injury as defined 
in 1.3. Use of the term “Disabling Injury” is preferred. 
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1.5 Employment means: 

(a) all work or activity performed in carrying out an assignment 
or request of the employer, including incidental and related 
activities not specifically covered by the assignment or re¬ 
quest 

(b) any voluntary work or activity undertaken while on duty 
with the intent of benefiting the employer 

(c) any activities undertaken while on duty with the consent or 
approval of the employer 

1.6 Arising Out of and In the Course of Employment means re¬ 
sulting from the work activity or environment of employment. 
(See Appendix A1.6 for interpretation and examples .) 

1.7 Regularly Established Job is one which has not been estab¬ 
lished especially to accommodate an injured employee, either for 
therapeutic reasons or to avoid counting the case as a temporary 
total disability. 

1.8 Total Days Charged is the combined total, for all injuries, 
of: 

(a) all days of disability resulting from temporary total in¬ 
juries, and 

(b) all scheduled charges assigned to fatal, permanent total, and 
permanent partial injuries 

1.8.1 Days of Disability is the total of full calendar days on 
which the injured person was unable to work as a result of a tempo¬ 
rary total injury. The total does not include the day the injury 
occurred or the day the injured person returned to work, but it does 
include all intervening calendar days (including Sundays, days off, 
or plant shutdown). It also includes any other full days of in¬ 
ability to work because of the specific injury, subsequent to the in¬ 
jured person’s return to work. 

1.8.2 Scheduled Charge is the .specific charge (in days) assigned 
to a permanent partial, permanent total, or fatal injury. For a list 
of these charges see Table of Scheduled Charges. 

1.9 Employee , for the purpose of calculating exposure under this 
standard, is any person engaged in activities for an employer from 
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which he receives direct payment for his services. Included are 
working owners and officers. 

1.10 Exposure is the total number of employee-hours worked by 
all employees including those in operating, production, maintenance, 
transportation, clerical, administrative, sales, and other activities. 

1.11 Employee-Hours is the same as exposure as defined in 1.10. 

1.12 Disabling Injury Frequency Rate is the number of dis¬ 
abling injuries per 1,000,000 employee-hours of exposure. 

1.13 Disabling Injury Severity Rate is the total days charged 
per 1,000,003 employee-hours of exposure. (Note: It is recom¬ 
mended that this rate be rounded to the nearest whole number.) 

1.14 Average Days Charged per Disabling Injury is the total 
days charged as defined in 1.8 divided by the number of disabling 
injuries as defined in 1.3. 


2. Evaluation of Severity 

2.1 Death. Death resulting from work injuries shall be assigned 
a time charge of 6000 days each. 

2.2 Permanent Total Disability. Permanent total disabilities 
resulting from work injuries shall be assigned a time charge of 6000 
days each. 

2.3 Permanent Partial Disability. Permanent partial disabilities, 
either traumatic or surgical, resulting from work injuries shall be 
assigned charges as provided in the Table of Scheduled Charges. 
These charges shall be used whether the actual number of days lost 
is greater or less than the scheduled charges, or even if no days are 
lost at all, except as noted in 2.3.1.4. 

2.3.1 Scheduled Charges. See the table and the hand and foot 
chart on the following pages. 

2.3.1.1 Charges for Finger and Toe Amputations. For each 
finger (or toe) use only one charge—the charge shown in the table 
or on the chart—for the highest valued bone involved. For ampu¬ 
tations of more than one finger (or toe), total the separate charges 
for each finger (or toe). 


June, 1958 


41 





Example : Amputation of the little finger with part of the meta¬ 
carpal would be charged 400 days. Amputation of the ring finger 
involving the proximal phalange would be charged 240 days. If 
both of these occurred in one accident, the charge would be 400 4- 
240, or 640 days. 

2.3.1.2 Charges for Loss of Use. The charge for loss of use 
shall be a percentage of the scheduled charge, corresponding to 
the percentage loss of use of the member or part of member in¬ 
volved, as determined by the physician engaged or authorized by 
the employer to treat the case. An exception is made in respect to 
loss of hearing which is considered a permanent partial disability 
only in the event of complete industrial' loss of hearing, in which case 
the full time charges shall apply as shown in the Table of Scheduled 
Charges. 

Example: An injury to the index finger resulted in stiffness at 
the middle phalange which the physician estimated at 25 percent 
loss of use. The charge would be 25 percent of 200 days, or 50 
days. 


TABLE OF SCHEDULED CHARGES 
(See 2.3.1) 

A. For Loss of Member—Traumatic or Surgical 
(For Loss of Use of Member, see 2.3.1.2) 


Fingers, thumb, and hand (also see Chart of Scheduled Charges) 


Amputation involving 

all or part of bone*f 

Thumb 

Index 

Fingers 
Middle Ring 

- J 

Little 

Distal Phalange 

300 

100 

75 

60 

50 

Middle Phalange 


200 

150 

120 

100 

Proximal Phalange 

600 

400 

300 

240 

200 

Metacarpal 

900 

600 

500 

450 

400 

Hand at Wrist 3000 







* total'disabiniy" 01 inV ° 1Ved ’ USe aCtUal dayS l0St ’ and classif y ^ temporary 
t For loss of use, without amputation, see 2.3.1.2. 



















Toe, foot, and ankle (also see Chart of 
Scheduled Charges) 


Amputation involving all 
or part of bone*f 

Great 

Toe 

Each of 
Other Toes 

Distal Phalange 

Middle Phalange 
Proximal Phalange 
Metatarsal 

Foot at Ankle 2400 

150 

300 

600 

35 

75 

150 

350 

Arm 

Any point aboveJ elbow, including shoulder joint 
Anv ooint above wrist and at or below elbow 

4500 

3600 

Leg 

Any point above J knee 

Any point above ankle and at or below knee 

4500 

3000 


B. Impairment of Function 


One Eye (loss of sight), whether or not there is 
sight in the other eye 

1800 

Both Eyes (loss of sight), in one accident 

6000 

One Ear (complete industrial loss of hearing), 
whether or not there is hearing in the other ear 

690 

Both Ears (complete industrial loss of hearing), 
in one accident 

3000 

Unrepaired Hernia [for repaired hernia, see 1.2.3. (a)] 

50 


2.3.1.3. Impairments Affecting More Than One Part of the 
Body For permanent impairment affecting more than one part of 
the body, the total charge shall be the sum of the scheduled charges 
for the individual body parts impaired. If the sum exceeds 6000 
days, the total charge shall be 6000 days. 

± The term “above” when applied to the arm means toward the shoulder, and 
when applied to the leg means toward the hip. 
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Chart of Scheduled Charges for Hand and Foot 

(See 2.3.1) 


HANO 




Note: 

Numbers on the bones are the charges for loss involving part or all of the bone. 
For additional information on use of the chart, see 2.3.1.1 through 2.3.I.5. 
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2.3.1.4. Permanent and Temporary Injuries in the Same Acci¬ 
dent. In those few cases where an employee suffers a permanent 
partial injury to one part of the body and a temporary total injury 
to another part in one accident, the greater charge shall be used 
and shall determine the injury classification. 

2.3.1.5 Charges for Injuries Not Identified in the Table. The 
charge of any permanent injury other than those identified in the 
schedule of charges (such as damage to internal organs, loss of 
speech, damage to lungs (back, etc) shall be a percentage of 6000 
days, corresponding to the percentage of permanent total disability 
which results from the injury, as determined by the physician 
engaged or authorized by the employer to treat the case. 

2.4 Temporary Total Disability. The charge for a temporary 
total disability shall be the total number of full calendar days on 
which the injured person was unable to work as a result of the in¬ 
jury. The total does not include the day the injury occurred or the 
day the injured person returned to work, but it does include all 
intervening calendar days (including Sundays, days off, or plant 
shutdown). It also includes any other full days of inability to 
work because of the specific injury, subsequent to the injured per¬ 
son’s return to work. 

3. Exposure 

3.1 Measurement of Exposure to Industrial Injuries. Exposure 
to industrial injuries shall be measured by the total number of hours 
of employment of all employees in each establishment including 
employees of operating, production, maintenance, transportation, 
clerical, administrative, sales, and other departments. If any de¬ 
partments are excluded from the announced injury experience of an 
establishment or industry, this fact shall be stated. 

3.1.1 Exposure of Central Office. The experience of a central 
administrative office or central sales office of a multi-establishment 
concern shall not be included in the experience of any one establish¬ 
ment, nor shall it be prorated among the establishments, but it shall 
be included in the over-all experience of the concern or of the 
industry. 

3.2 Calculation of Employee-Hours. Employee-hours shall be 
calculated from the payroll or time clock records. When this is 
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impossible, they may be estimated by multiplying the total employee- 
days worked for the period covered by the number of hours worked 
per day. If the hours worked per day vary among departments, 
separate estimates should be made for each department and the re¬ 
sults added together. The total number of employee-days for a 
period is the sum of the number of employees at work on each 
day of the period. When actual employee-hours are not used, in¬ 
dicate the basis on which the estimate is made. 

3.2.1 Employees Living on Company Property. In calculating 
hours of exposure for employees who live on company property 
( or example, seamen on shipboard) only those hours during which 
employees were actually on duty shall' be counted. 

3.2.2 Traveling Personnel. For traveling salesmen, executives 
and others whose working hours are not defined, an average of 8 
hours per day shall be assumed in computing exposure hours. 

3.2.3 Standby Employees. For standby employees who are re- 

Tnu t0 thC c , onfines of the employer’s premises, all standby hours 
s la be counted, as well as all injuries occurring during such hours. 

4. Measures of Injury Experience 

4.1 Disabling lit jury Frequency Rate. The disabling injury 

frequency rate is based on the total number of deaths, permanent 
total, permanent partial, and temporary total disabilities which occur 
(see 4.5) during the period covered by the rate. The rate relates 
these injuries to the hours worked during the period and expresses 
them in terms of a million-hour unit by use of the following 
formula: & 

Disabling injury frequency rate = 

Number of disabling injuries X 1,000,000 
Employee-hours of exposure 

4.2 Disabling Injury Severity Rate. The disabling injury 
severity rate is based on the total scheluded charges for all deaths, 
permanent total and permanent partial disabilities, and the total davs 
of disability from all temporary total injuries which occur durino- 
the period covered by the rate. The rate relates these days charged 
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to the hours worked during the period and expresses the loss in 
terms of a million-hour unit, by use of the following formula: 

Disabling injury severity rate = 

Total days charged X 1,000,000 
Employee-hours of exposure 

4.3 Other Injury Rates. Any establishment, organization, or 
industry may compute frequency and severity rates on the basis of 
any one or more of the five classes of injury stated in the “Defini¬ 
tions.” However, the injuries on which any such nonstandard rates 
are based should be clearly stated. 

4.4 Average Days Charged per Disabling Injury. This ex¬ 
presses the relationship between the total days charged, as defined 
in 1.8, and the total number of disabling injuries, as defined in 1.3. 
The average may be calculated by use of the following formula: 

Average days charged per disabling injury = 

Total days charged 
Total disabling injuries 

4.4.1 Average Days Charged for Different Classes of Injuries. 
This measure may be calculated separately for all disabling in¬ 
juries, for permanent partial injuries only, and for temporary total 
injuries only. To get the average for permanent partial injuries, 
divide the number of such injuries into the scheduled charges result¬ 
ing from them. To get the average for temporary total injuries, 
divide the number of these injuries into the days of disability re¬ 
sulting from them. 

4.5 Closing Dates. Standard injury rates shall be compiled in 
accordance with the following rules: 

(a) Annual frequency rates shall be based on all injuries oc¬ 
curring within the year and reported within one month after the 
close of the year. Monthly frequency rates shall be based on all 
injuries chargeable to the month and reported within 20 days after 
the close of the month. 

(b) Time charges for reported cases in which disability con¬ 
tinues beyond the closing dates stated in (a) shall be estimated on 
the basis of medical opinion as to probable ultimate disability. 
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(c) Cases first reported and time charges determined after clos¬ 
ing dates stated in (a) need not be included in standard injury 
rates for that period or for any similar subsequent period. How¬ 
ever, they shall be included and shall replace estimates in rates 
for longer periods of which that period is a part. 

(d) Revisions of standard injury rates, if made, should include 
all cases occurring within the period and reported up to the date of 
revision, and time charges should be made according to the dis¬ 
ability as then determined or estimated. 

4.6 Injuries Charged to Date of Occurrence. Any injury and 
all days lost or charged because of it, shall be charged to the’ date 
on which the injury occurred, except as noted in 4.6.1. 

4.6.1 Non-accident Injuries. For injuries such as bursitis, 
tendosynovitis, silicosis, etc, which do not arise out of specific acci¬ 
dents, the date of the injury shall be the date when the injury is 
first reported. 

5. Classification of Special Cases 

5.1 Inguinal Hernia. An inguinal hernia shall be considered 
a work injury only if it is precipitated by an impact, sudden effort, 
or severe strain, and meets all of the following conditions: 

(a) There is a clear record of an accident or an incident, such 
as a slip, trip, fall, sudden effort, or overexertion. 

(b) There is actual pain in the hernial region at the time of the 
accident or incident. 

(c) The immediate pain was so acute that the injured employee 
was forced to stop work long enough to draw the attention of his 
foreman or fellow employee, or the attention of a physician was 
secured within 12 hours. 

5.1.1 Hernia Other Than Inguinal. This shall not be considered 
under the conditions of 5.1, but shall be considered in the same wav 
as any other injury. 

5.2 Back Injury. A back injury or strain shall be considered a 
work injury only if it meets all of the following conditions: 
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(a) There is a clear record of an accident, or an incident such 
as a slip, trip or fall, sudden effort, or overexertion, or blow on the 
back. 

(b) The physician authorized to treat the case is satisfied, after 
a complete review of the circumstances of the accident or incident, 
that the injury could have arisen out of said accident or incident. 

A back condition which is revealed while an employee is per¬ 
forming his normal, regular duties, but which neither results from 
nor is caused by an accident or incident, shall not be considered a 
work injury. 

5.3 Aggravation of Pre-existing Condition. If aggravation of 
a pre-existing physical deficiency arises out of and in the course of 
employment as defined in 1.5 and 1.6, the resulting disability shall 
be considered a work injury and shall be classified according to the 
ultimate extent of the injury as provided in Section 2; exception: 
if the injury is an inguinal hernia or back injury, 5.1 or 5.2 will 
apply. 

5.4 Disability Arising Solely Out of Physical Deficiency. If 
an accident or incident such as a slip, trip, or fall arises solely out of 
a pre-existing physical deficiency, and if a worker without such 
physical deficiency would not have suffered such an accident or 
incident, any resulting injury shall not be considered a work in¬ 
jury. However, an injury which arises out of and in the course of 
employment shall be considered a work injury even though the em¬ 
ployee had a pre-existing physical deficiency. (See Appendix A5.4 
for interpretation and examples .) 

5.5 Purposely Inflicted Injuries. An injury purposely inflicted 
by another person shall be considered a work injury if it arises 
out of and in the course of employment. (See Appendix A5.5 for 
interpretation and examples .) 

5.6 Horseplay. An injury inflicted by, or arising out of, horse¬ 
play during employment shall be considered a work injury. 

5.7 Animal and Insect Bites. Animal and insect bites are 
work injuries if they arise out of and in the course of employment. 

5.8 Skin Irritations and Infections. Skin irritations and infec¬ 
tions such as dermatitis, poison ivy, etc, are work injuries if they 
arise out of and in the course of employment. 
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5.9 Muscular Disability. Muscular disability such as bursitis, 
tendosynovitis, etc, are work injuries if they arise out of and in the 
course of employment. 

5.10 Exposure to Temperature Extremes. An injury which re¬ 
sults from exposure to temperature extremes (heat or cold) is a 
work injury if it arises out of and in the course of employment. 

5.11 Athletic Activities. An injury to an employee resulting 
from participation in athletic activities, whether or not they are 
company sponsored, shall be considered a work injury only if the 
participant was paid by the company for these activities. 

5.12 External Events. An injury which results directly from 
an external event of such proportions and character as to be be¬ 
yond the control of the employer, such as tornadoes, twisters, hurri¬ 
canes, earthquakes, flood, conflagration, or explosion originating 
outside of employment, or from an immediate secondary event, 
such as a fire, boiler explosion, falling electric wire, shall be clas¬ 
sified as a work injury only if the victim was a policeman, fireman, 
member of a disaster or emergency squad, utility lineman, or other 
employee who is assigned duties in connection with such events. 

5.12.1 Activities Necessitated by External Events. An injury 
which results from an activity necessitated by an external event 
such as fighting a fire, cleaning up debris, repairing equipment, 
shall be classified as a work injury. (See Appendix A5.12.1 for in¬ 
terpretation and examples .) 

5.12.2 Lightning. An injury resulting from lightning shall be 
classified as a work injury if the conditions of employment are 
such as to anticipate exposure to such hazards as a matter of duty. 

5.13 Hospitalisation for Observation. If after observation in 
a hospital for a period not to exceed 48 hours from the time of an 
injury or suspected injury known to have a delayed effect, from 
such accidents as 

(a) a blow on the head, or 

(b) a blow to the abdomen, or 

(c) the inhalation of harmful gases, known to have a delayed 
effect 
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the physician determines that the injury was in reality slight, and 
that the injured person could have returned to work without 
any permanent impairment or temporary total disability, the injury 
shall be classified as a medical treatment case. However, if any 
treatment or medication at all is given after the first 24 hours of 
observation, the injury shall be classified as disabling. 

5.14 Illness from Antitoxin. Illness resulting solely from anti¬ 
toxin, vaccines, or drugs used in the treatment of a non-disabling 
injury shall not cause the injury to be classified as disabling. 

5.15 Aggravation of Minor Injury. If a minor injury is 
aggravated because of improper diagnosis or improper treatment, 
either professional or nonprofessional, or if infection develops later, 
either on the job or off the job, the injury shall be classified ac¬ 
cording to the ultimate extent of the disability. 

5.16 Death from Undetermined Origin. In fatal cases where 
death might have resulted either from an illness or from an accident 
following the illness, the case shall be considered a work injury 
only if it is the opinion of the attending physician engaged or 
authorized by the employer that the illness arose out of, or was 
aggravated by, the victim's work. ( See Appendix A5.16 for inter¬ 
pretation and examples.) 

5.17 Injuries on Common Carrier. The injury or death of an 
employee traveling as a passenger on a common carrier as a re¬ 
sult of an accident to that common carrier is a public transporta¬ 
tion accidental injury and is not a work injury within the meaning 
of this standard. 

5.18 Doubtful Degree of Disability. In case of doubt as to the 
degree of disability, the classification of an injury shall be based 
on the decision of the physician engaged or authorized by the 
employer. 

5.19 Committee on Interpretations. When the proper classifica¬ 
tion of, or the correct time charge for, any injury is in doubt, 
nine copies of a full report of the circumstances of the injury or 
alleged injury may be submitted to the American Standards Asso¬ 
ciation, 70 E. 45th Street, New York 17, N. Y., for a decision 
by a Committee on Interpretations. 
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APPENDIX 


(This Appendix is not a part of American Standard Method of 
Recording and Measuring Work Injury Experiences Z16.1-1956, 
but is included to facilitate its use.) 

Interpretations and Guiding Examples 

(The numbers in the Appendix refer to the pertinent items in 
the Standard.) 

A 1.6 Arising Out of and In the Course of Employment. Aris¬ 
ing out of and in the course of employment means resulting from 
the work activity or environment of employment. 

A 1.6 (a) Going to and from Regular Place of Work. An in¬ 
jury would not be considered as arising out of and in the course 
of employment if it occurred during normal routine travel from 
the employee's home to the employer’s regular place of business, 
and return, except as noted in A1.6(b). Normal or routine travel 
would include travel at irregular hours due to late shifts, overtime, 
special or emergency work. [For personnel who travel in connec¬ 
tion with their work, see A1.6(d).] 

A 1.6 (b) Regular Place of Work Inaccessible. If a regular 
place of work is inaccessible to ordinary transportation and the com¬ 
pany furnishes special transportation from designated meeting 
places, an injury would be considered as arising out of and in the 
course of employment if it occurred between the time an employee 
was picked up at such a meeting place and the time he was returned 
to the place. If an employee drove his own car or a company- 
furnished car to such a place of work, or if he rode with another 
person in this person's car or a company-furnished car, A1.6(a) 
would apply. 

A1.6 (c) Employees Not Having Regular Place of Employ¬ 
ment. An injury to an employee who does not have a regular place 
of employment, such as a member of a public utility line crew, 
would be considered as arising out of and in the course of employ¬ 
ment if it occurred between the time he reached a designated meet¬ 
ing place for the crew and the time he was dismissed from duty 
at the point where the crew disbands. 

June, 1958 


52 





A 1.6 (d) Employees Who Travel in Connection with Their 
Work. An injury to any employee (salesman, engineer, consultant, 
etc) who may travel in the interest of his employer, either locally 
or long distances, would be considered as arising out of and in the 
course of employment if it occurred between the time his travel 
started (either from his home or from his place of work) and the 
time his travel ended (either at his place of work or at his home), 
except if the injury occurred: (1) in an accident involving a com¬ 
mon carrier on which the employee was traveling as a passenger ; 
(2) during normal living activities such as eating, sleeping, recreat¬ 
ing; etc; (3) during deviations from a reasonably direct route of 
travel such as a side trip for personal reasons; and (4) during 
other activities neither necessitated by the travel nor in the inter¬ 
est of the employer. 

Example: 1: A city salesman (could also be a routeman, television 
repairman, etc.) contacted his office and received instructions for 
his first call, then proceeded there direct from his home. He was 
injured in an automobile accident before reaching the designated 
place. The injury would be considered as arising out of and in 
the course of employment. 

Example 2: A consulting engineer received instructions from 
his office not to report there the next morning, but instead to go to 
Plant X in a neighboring town. An injury suffered during the 
travel would be considered as arising out of and in the course of 
employment except if it occurred in an accident involving a com¬ 
mon carrier on which the employee was traveling as a passenger. 

A1.6 (e) Entertainment By, or As, a Customer or Client. An 
injury to an employee which occurs while he is entertaining a cus¬ 
tomer or client, or while he is being entertained as a customer or 
client, for the purpose of transacting, discussing, or promoting busi¬ 
ness, would be considered as arising out of and in the course of 
employment. 

A 1.6 (f) Movement Within Confines of Plant Property. An 
injury would be considered as arising out of and in the course of 
employment if it occurred while the employee was going from 
the entrance to plant property to his place of work, or from his 
place of work to the exit from plant property, before or after work¬ 
ing hours, except as provided in A-6(f), or if it occurred while 
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the employee was going from one part of the plant to another dur¬ 
ing working hours. 

A 1.6 (g) Absence from Company Premises. An injury to an 
employee outside of plant premises would be considered as arising 
out of and in the course of employment if the absence from the 
premises was authorized by the employer or his agent and was in 
the interest of the employer or his agent. 

Example. An injury to an employee who is off the plant 
premises, during working hours, with permission of the employer, 
for the purpose of seeking housing accommodations for himself, 
his family, or his friends, would not be considered as arising out 
of employment. An injury to an employee who is sent by his super¬ 
visor on a personal errand for that supervisor would be considered 
as arising out of and in the course of employment. 

A1.6 (h) Lunch Period Injuries. An injury to an employee 
which occurs during his specifically defined lunch period or other 
specifically defined off-duty period except as provided in A1.6(i) 
would not be considered as arising out of and in the course of 
employment unless it arose out of the hazards of the work area. 

Example 1 : If while eating in the work area during his spe¬ 
cifically defined lunch period, an employee is injured when struck by 
a piece of moving equipment, boxes, or materials, while he or 
another worker caused to fall on him, or he is injured by a slip or 
fall, or by any other situation peculiar to the work area, the injury 
would be considered as arising out of and in the course of employ¬ 
ment. 

Example 2: If while eating in the same location as described 
in Example 1, an employee chokes on his food, or becomes ill from 
his food, the case would not be considered as arising out of and in 
the course of employment. 

Example 3: An injury occurring in a cafeteria or lunch room, 
whether on or off company premises, would not be considered as 
arising out of and in the course of employment, but injuries which 
occur while going to or from such eating places on company 
premises would be considered as arising out of and in the course 
of employment. 
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Example 4: Food poisoning which results from a meal furnished 
free by the company on company premises would be considered as 
arising out of and in the course of employment. 

A1.6 (i) Injuries During Rest Breaks. An injury which oc¬ 
curs during a coffee break or other rest breaks would be considered 
as arising out of and in the course of employment unless it occurred 
under circumstances which are specifically excluded by other pro¬ 
visions of this standard. 

A1.6 (j) Shower Room , Wash Room Injuries. Except as 
noted in A1.6(k), an injury to an employee which occurs while 
he is going to or from a shower or wash room, or which occurs 
while he is taking a shower or otherwise using wash room facili¬ 
ties, before, during, or after working hours on company premises, 
would be considered as arising out of and in the course of employ¬ 
ment, if use of the facilities was occasioned by the employee's work. 

A1.6 (k) Athlete's Foot. This and similar disabilities would be 
considered as arising out of and in the course of employment if the 
infection was connected with the use of plant facilities. 

A 1.6 (1) Parking Lot Injuries. An injury occurring on a park¬ 
ing lot established on company property for the convenience of 
employees would not be considered as arising out of and in the 
course of employment unless it occurred while the employee was 
performing the duties of his employment or was under the direc¬ 
tion of a supervisor. 

A5.4 Disability Arising Solely Out of Physical Deficiency. If 
an injury arises solely out of a pre-existing physical deficiency, and 
if a worker without the physical deficiency would not have ex¬ 
perienced the incident which resulted in the injury, it shall not be 
considered a work injury. However, an injury, which arises out 
of and in the course of employment shall be considered a work in¬ 
jury, even though a pre-existing physical deficiency may have been 
a contributing factor. 

Example 1: A worker with cancerous condition which affected 
the bone structure suffered an injury when his legs suddenly col¬ 
lapsed owing to the bone condition. Because the injury arose 
solely out of a pre-existing physical deficiency and was not affected 
by any work condition, it would not be a work injury. 
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Example 2: A worker with an artificial foot suffered an in¬ 
jury in a fall which resulted when his impairment caused him to 
lose his balance while walking. The injury arose solely out of a 
pre-existing physical deficiency and would not be a work injury. 

Example 3 : The same situation exists as did in Example 2, ex¬ 
cept that the worker lost his balance and fell when he stepped on an 
object on the floor. The injury did not arise solely out of a pre¬ 
existing physical deficiency, so it would be considered a work injury. 

Example 4: A worker with a “trick knee” suffered a recurrence 
of his condition while walking up steps. The injury arose solely 
out of the pre-existing physical deficiency and would not be a 
work injury. 

Example 5: The same physical deficiency exists as did in Ex¬ 
ample 4, but the condition recurred when the worker slipped while 
walking. The injury did not arise solely out of the pre-existing 
physical deficiency, so it would be considered a work injury. 

Example 6: If an employee falls or has some other accident 
caused by an illness which is not associated with or aggravated 
by his work (fainting, epilepsy, etc), any resulting injury would 
not be a work injury. 

A5.5 Purposely Inflicted Injuries. An injury purposely inflicted 
by another person shall be considered a work injury if it arises out 
of and in the course of employment. 

Example 1: An employee is seriously injured during a fight in 
a shop which arose from a dispute over an umpire’s decision in a 
baseball game broadcast the preceding evening. This injury did 
not arise out of employment and would not be a work injury. 

Example 2: When a punch press operator left his machine for 
a few minutes, a neighboring operator shut it down. When the 
operator, upon his return, found the machine shut down, he became 
angered over the other employee’s interference and struck him on 
the head with a hammer, fracturing his skull. The injury arose 
out of and in the course of employment and would be a work injury. 

Example 3 : A night watchman was shot by a burglar attempting 
to enter the premises. The injury arose out of and in the course 
of employment and would be a work injury. 
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Example 4: A trolley-car conductor was slugged and robbed by 
a passenger. The injury arose out of and in the course of em¬ 
ployment and would be a work injury. 

A5.12.1 Activities Necessitated by External Events. An injury 
which results from an activity necessitated by an external event such 
as fighting a fire, cleaning up debris, or repairing equipment shall 
be classified as a work injury. 

Example 1: An explosion outside of a plant caused a fire in the 
plant. No injuries resulted directly from the explosion or fire, but 
a worker was injured while helping to extinguish the blaze. The 
injury would be a work injury. 

Example 2: A windstorm blew down power wires on the out¬ 
side of the plant. Later, while repairing the wires, an employee fell 
and injured himself. The injury would be a work injury. 

AS. 16 Death from Undetermined Origin. In fatal cases where 
death might have resulted either from an illness or from an accident 
following the illness, the case should be considered a work injury 
only if it is the opinion of the physician engaged or authorized 
by the employer that the illness arose out of, or was aggravated by, 
the victim’s work. 

Example 1: A worker was found dead after a fall from a scaffold 
which he had just climbed. There was evidence of a heart attack, 
and it was the opinion of the physician who handled the case that 
climbing the scaffold had contributed to the heart attack, so the case 
would be considered a work injury. 

Example 2: A motor vehicle operator was found dead in the 
wrecked automobile that he used in his work. There was evidence 
of a heart attack, but it was the opinion of the physician who 
handled the case that operating the motor vehicle had not con¬ 
tributed to the heart attack, so the case would not be considered 
a work injury. 

Supervisors 

The construction industry relies more on group action than any 
other industry. The success of any construction firm depends upon 
the abilities of the men who lead the groups. They have the au¬ 
thority to direct their men and the responsibility for seeing that 
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the work is done properly and on time. On them will depend to a 
large extent whether a job makes a profit or not. On his ability to 
run a job properly and to make a profit will depend a supervisor’s 
success in keeping his job. 

Mistakes that interfere with work, spoil material, and slow up the 
job are all factors which may wipe out or reduce the profit on a 
job and affect the supervisor’s status with his boss. Since acci¬ 
dents are one of the most frequent sources of these “mistakes,” it 
is a decided advantage to the supervisor if he is able to run his 
crew with a minimum of accidents. The most successful supervisor 
is the one whose job shows the largest production at the lowest cost. 

To be effective, any campaign for the prevention of accidents in 
the construction industry must go beyond the management level. 
It must reach the operator and worker level, and must reach that 
level in clear, understandable form. This is the first responsibility 
of the supervisor in carrying out accident prevention work; to 
make the workmen realize the advantages of following safe prac¬ 
tices and the costly results of not following them—injury, loss of 
wages, and possible permanent loss of earning power. 


The Superintendent 

What applies to the executive applies fully to the superintendent. 
Although the executives of the company may outline safe practices, 
the supervisor coming into daily contact with the men plays the 
most important part in their application. 

Every effort should be made by the superintendent to instill his 
foreman with faith in accident prevention as an indispensable part 
of job organization, and not as a fad or side issue. 

The superintendent should instruct his foremen to make a survey 
of the job to determine the points of danger which are most hazard¬ 
ous and which should be guarded. This should be made an essential 
part of the accident prevention planning campaign, one of the 
primary functions of all supervisors. 

The superintendent should: 

1. See that the requirements and suggestions of safe practices 
are observed. 
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2. See that foremen do not require or permit their men to take 
unnecessary chances. 

3. See that proper arrangements are made for the care of in¬ 
juries, and that all injuries are reported and cared for. 

The Foreman 

“The workmens’ attitude towards safety depends absolutely on 
the attitude of the foreman,” the National Safety Council states in 
its lecture outline on Reaching the Foreman. “If he is indifferent, 
the men will be indifferent. But if he believes in safety, if by what 
he says and does each day he convinces his men that he is in earnest 
and is doing everything in his power to protect them, the foreman 
will get his men with him.” 

The construction foreman is responsible not only for the quality 
and quantity of the work produced by the men under him, but for 
their safety as well. It is he who is with them, who must watch 
them and instruct them in safety. A good foreman is by far the 
best safety device on the job. 

It is the foreman’s responsibility: 

1. To see that no unsafe conditions or practices exist on any 
part of his job. 

2. To instruct new men in safe practices. 

3. To see that all accidents are properly reported and cared for. 

Safe practices in the use of tools, equipment and in all other job 
activities must be observed if the foreman is to run his job efficiently 
and safely. He must have a thorough knowledge of danger sources 
and how to avoid the hazards connected with them. The checklist 
beginning on page B-l will be helpful in job inspections for hazards 
but, since each job differs, it is largely up to the foreman to find 
and control potential danger sources on his job. 


Training New Man 

The training of workers is an important but often overlooked 
part of a foreman’s jobs. If the job calls for journeyman mechanics 
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of specific trade unions, it is expected that those sent to the job will 
be qualified as to skill, training and experience. The foreman, 
however, should not take this for granted, especially when there 
is a shortage of workers in that particular trade. Even skilled 
workers may need some training to make them the efficient safe 
workers required to do the job. A new man should always be 
given definite instructions before he is put to work, and then should 
work under the supervision of a careful man until he demonstrates 
that he can be relied upon not to endanger his fellow workers. 

In directing unskilled or semi-skilled labor, the ability to train 
employees quickly and effectively will make a much more valuable 
foreman. If he makes his men “learn the hard way” he wastes a 
lot of everybody’s time. The foreman should always show his 
men, as well as tel! them how to work safely. Although he need 


SCAFFOLD PLANKS 
Testing 



!• Examine planlc for large knots, exces¬ 
sive grain slope, shakes, decay or other 
disqualifying defects. 

2. Determine allowable load from table 
(sec other side). 

3. Place plank on supports about one foot 
high, spaced the same as span to be 
used. 

4. Load plank (as near center as possible) 
with twice allowable load, leaving load 
on plank for not more than five min¬ 
utes. Do not jump on plank. 

5. Discard plank if there are any signs of 
weakness, or if obvious deflection re¬ 
mains after load is removed. 

6. Mark accepted planks on top side as 
tested. Use them with that side upward. 

7. Do not load plank in excess of allow¬ 
able load while in use. 


HOW TO LIFT 

1. Size up the load first. Get help if you 
need it. 

2. Be sure of your footing. 

3. Lift with your legs, not your back. 

4. Keep your balance—don't twist under 
strain or jerk the load. 



© SAFETY INSTRUCTION CARD No. 5 5 

National Safety Council mintid in u.s jl. 

National Safety Council 


SAFETY INSTRUCTION CARD No. 15 

N«tion«l Safety Council PRINTED IN.U. $. A. 


Safety Instruction Cards. 
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not be as skillful in the use of tools as his best workmen, he should 
be able to demonstrate the safe way of doing the job. Safety in¬ 
struction is much more effective when it is made specific and per¬ 
sonal. Show the man how he can avoid injury to himself on his 
new job. 

Safety regulations must be enforced. Men must not only be 
taught safe practices but they must be required to use them. This 
means that close supervision and strict discipline must be main¬ 
tained—not nagging supervision and harsh discipline, but con¬ 
tinuous friendly and helpful observation, with impartial applica¬ 
tion of penalties for violation of rules and quick recognition, with 
or without appropriate awards, of care in observing them. Much 
can be accomplished by creating among the men a group spirit of 
responsibility for safety, and by encouraging friendly competition 
between individuals and between groups for the reduction of acci¬ 
dents. Questions and free discussions among the men themselves 
on the subject of accident prevention should be strongly encouraged. 

Above all, the foreman should remember that he is dealing with 
men, and should treat them accordingly. It is rare for any man to 
need different treatment. This means fair and square dealing, 
giving credit where credit is due, keeping any promises made, 
and giving men credit for having enough intelligence to carry out 
any order provided it is explained CLEARLY. 
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SECTION 1 — HOUSEKEEPING AND SANITATION 

HOUSEKEEPING CHECK LIST 

USE IT IN YOUR A C C I D E N T - P R E V E NT I O N PROGRAM 



Sine* from 30% to 35% of all accident! are due to slip* and fall*, the im¬ 
portance of the relationship between a clean plant and a safe plant cannot 
be over-emphasixed. For it is now pretty penerally recognised that the 
orderliness which keeps a plant clean usually springs from the same mind 
or minds whose efforts keep a plant safe. Housekeeping thus becomes an 
important part in any really effective Safety Program. 


promote housekeeping 
spot is recognized it 


One of the first steps in any program designed to 
is an analysis of present conditions. Once a danger 
it easy to correct. 

The Checklist below may be helpful in starting such an analysis. Although 
it is based on a study of the causes of hundreds of accidents. It is neither 
complete or adaptable, without change, to every plant or operation. How¬ 
ever, the Engineering Department believes It may serve as a basis for 
your own individual Checklist and it is published with that purpose in mind. 



MANAGEMENT (Housekeeping begins at the top) 

To* 

No 




S. Are Inspection. mad* regularly to too that tho plan It tarried out? 




WORKING CONDITIONS 





J. It row material dollwrod to IK# working point too for oK.ad of nood? _______ 

4. Art itolrwoyt wall lighted and fra# of art It lot that may com to folltt 



S. Aro pootPQOwoyt kept cloaw and froo of Pored moforlolt or *—ItT 

r. It working tpaco well IlgktedT Aro window., light, and rofloefert clean? ____— 






*. Aro .having., tawdult and other well# product, allowed to colloct around tom, lofhot, PUPC* WM—. *♦«•*__ 


_ 

10. Ho. on. plonnod "dumping ground" boon do.lgnoi.d for worn out part, and obutlot. oqulpmontf 

„ , h „. onv unnocottary .cumulation. of dirt, Mum. papor. obtain* mochlnory or port, piled In.lde or ouf.ldo fho plon.t 



IS. Aro locker, provided for worker.' clothing, lunch bonot, etc.? 

- ,4 Are wothroom. cleon, primely equipped with hot wo,., end mop (or . good detergent) end with toilet poper and pope, fowolt? 

• 



WORKING PRACTICES 


1. Are worker* mode aware of fho bonofbt-ro them-of o deon plontT 



a. Are they given underttondoble Induction. In thl. regord? --- 



4. When men ore working ovorheod or# thoy ollowed to throw tool, bock ond forth? --- 



S. When men ore working ovorheod or. nece.iory precoutlon. (.uch at the erection of conoplet, provlilen of fool boeet, woorlng 

of hord hot., otc.) fokon to protoet men working below? 




NO. 43 


Additional Copiis Will bc furnisheo Upon Reouesr 


Cor'if* 

ENGINEERING DEPARTMENT 

INDUSTRIAL INDEMNITY COMPANY 

WORKMENS COMPENSATION INSURANCE 
FRESNO • SACRAMENTO • SAN FRANCISCO • LOS ANOELES 
P OAKLAND • SEATTLE 


Illustration 1-1 

1-1 HOUSEKEEPING 


Good housekeeping is the first law of accident prevention in 
construction, and should be a primary concern of all superintendents 
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and foremen. Good housekeeping should be planned at the be¬ 
ginning of the job and carefully supervised and followed to the 
final clean-up. Most construction crews are large enough to have 
a regular clean-up crew, and such a crew is recommended; but 
housekeeping should be the concern of each crew and each workman, 
and not left for the clean-up crew alone. Confusion will be re¬ 
duced and operations will be more efficient when the work area is 
neat and orderly at all times. 



kjj jujiiyinwr 


Illustration 1-2 

Poor Housekeeping can have fatal results. Note unprotected opening and debris 


Some Simple Rules to Follow 

1. PLAN AHEAD. A materials storage yard which has been 
planned is almost always more orderly than one which has just 
grown haphazardly. 

2. DETAIL RESPONSIBILITIES. If the size of the job and 
working force merit, a crew might be specifically detailed to 
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clean-up and maintenance, on a full or part-time basis, as 
needed. In any event, housekeeping should not be haphazard; 
duties should be assigned to one or more responsible persons. 

3. PUT IT ON THE PROGRAM. Housekeeping should be 
part of the daily routine, with clean-up being a continuous 
procedure. 

4. STORAGE AREAS. All materials should be maintained in 
neat stockpiles for ease of access. Keep aisles and walkways 
clear of loose material and tools. 

5. WORK AREAS. Clean-up loose materials, waste, etc., im¬ 
mediately. This is especially important in aisles, and in 
the vicinity of ladders, ramps, stairs, and machinery. Tools 
and loose materials should be removed immediately if a hazard 
is created. 

6. AREAS USED BY PERSONNEL. Empty bottles, contain¬ 
ers, and papers should not be allowed to accumulate where 
lunches are eaten on the jobsite. Trash disposal cans should 
be provided. 

7. OIL AND GREASE. Oil, grease, or other liquid should not 
be allowed to accumulate, as the possibility of slipping or pro¬ 
viding a fire hazard will be increased. Remove, or sprinkle 
with sand. 

8. DISPOSE OF WASTE. An effective means of preventing 
careless litter is the provision of suitable receptacles for waste, 
scrap, etc. Combustible waste, such as oily rags, paper, etc., 
should be stored in a safe place such as a covered metal con¬ 
tainer and disposed of regularly. 

9. REMOVE THE NAIL HAZARDS. One of the most fre¬ 
quent dangers on the jobsite is the presence of nails in lumber 
from staging, crating, etc. All lumber, debris, and other ma¬ 
terial with projecting nails should be removed to a designated 
area and nails removed. Workmen performing this task should 
wear heavy gloves and heavy-soled shoes. Nails in the tops 
of kegs and boxes should be completely removed and lumber 
stored in orderly piles. If lumber is to be reused, nails should 
be removed. Shoes with puncture-proof insoles eliminate much 
of the nail hazard in work areas. 
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10. LIGHTING. Adequate lighting should be provided in all 
work areas, passageways, stairs, ladders, and other areas used 
by personnel. 



National Safety Council 

Illustration 1-3 

Poor housekeeping creates this hazardous work area and creates an extreme 

fire hazard. 


1-2 SANITATION 

Typhoid fever, dysentery and other diseases are often caused by 
contaminated drinking water or lack of proper sanitation on the 
job, and it is essential that one of the first job operations be the pro¬ 
vision of adequate sanitary precautions and toilet facilities. 

If sewerage is available, connections should be made at once, 
flush tank closets installed—one for each 15 persons employed—and 
running water provided to keep the closets flushed. 

The use of privies is not recommended, but if their use is neces¬ 
sary because of lack of sewerage, they should be built and main¬ 
tained in accordance with the provisions outlined in Section 40. 
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1-3 Drinking Water 


Fresh, pure water, from a city water line if possible, should be 
provided at a readily accessible location for drinking purposes. No 
matter how clear and clean the water in streams may be, it is seldom 
fit for human consumption. 

If water is obtained from wells, it should be tested for purity 
before use and regularly thereafter, at least monthly in cold weather 
and weekly in warm weather. 

Drinking water should be obtained from a source approved by 
local health authorities. 

If a source of safe, untreated water is not available, water used 
should be treated as directed by local health authorities for human 
consumption. 

If water unsafe for human consumption is provided for fire pro¬ 
tection or other purposes, no¬ 
tice should be posted at each 
tap to that effect. 

Pails and dippers for dis¬ 
pensing drinking water are 
disease carriers and their use 
should be prohibited. Bubbler- 
tvpe water dispensers or port¬ 
able water carriers equipped 
with paper cups are highly 
recommended for use on con¬ 
struction work. Salt tablets 
should be provided in hot 
weather. 

If ice is used to cool water 
in containers, the container 
should be so constructed that the ice does not come into contact 
with the water. 

Water dispensers and portable fountains require weekly steriliza¬ 
tion. 



Lily-Tulip Cup Corporation 
Illustration 1-4 

Many types of portable water coolers 
and dispensers are available. Note dis¬ 
posable drinking cups and salt tablet 
dispenser. 
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7-4 Washing Facilities 

Adequate washing facilities should be provided and maintained 
in a sanitary condition. Common towels should be prohibited: in¬ 
dividual paper towels are recommended. 









SECTION 2 - FIRST AID 

2-1 GENERAL 

First aid is the immediate and temporary care given the victim of 
an accident or sudden illness until the services of a doctor can be 
obtained. Often an accident victim is hurt rather than helped by 
persons who want to do something, but who do not know how to give 
first aid properly. Good first aiders must be able to find out what 
the injuries are and must know how to give temporary care for the 
injuries and how to transport the victim without further injury. 
It is important to know not only what to do but also what NOT to do. 

Unless it is known that the injury will not be further aggravated, 
wounded persons should not be moved. Improper, careless moving 
may increase the severity of the injury and may even cause death. 

2-2 FIRST AID EQUIPMENT AND PERSONNEL 

The number of persons, space, and equipment assigned to first 
aid duty will vary with the size and location of each construction 
operation. The small job of relatively short duration will have 
different requirements than the large job of longer duration, or a 
project that may be in a remote area. Regardless of the job size 
and conditions, however, at least one person should be assigned 
first aid responsibilities, and certain minimum supplies should be 
stocked at the jobsite. 

The contractor can prepare his organization to meet emergency 
treatment requirements in the following manner: 

1. Have enough key personnel trained in first aid so that at least 
one trained man can be assigned to each job. 

2. Furnish sufficient first aid supplies to each job to cover the 
needs of the work force present. 

3. Instruct each job foreman to keep records of every injury 
treated and of every person sent to a doctor or hospital. 

4. Insure follow-up on each injury treated or referred to a 
doctor or hospital. 

5. Report promptly all lost-time accidents to the insurance 
carrier. 
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If possible, first aid kits or cabinets should be assembled under 
the direction of a doctor who understands the needs of the construc¬ 
tion job. The kit itself should be dustproof, and protected from 
excess heat and moisture. Contents should be checked at least 
once monthly for depletion and deterioration. Materials should 
be replaced at once. 

Item Number of Employees 

Under 50 50-100 100-200 

Quantities 

1" roller gauze bandage. 3 6 8 

2" roller gauze bandage. 3 6 8 

1" adhesive bandage, 10 yds. 2 (boxes) 2 (boxes) 3 (boxes) 

2" elastic bandage . 112 

Triangular bandage . 1 1 2 

l /r x 5 yd. roll of adhesive. Ill 

2" x 5 yd. roll of adhesive. Ill 

2" x 2" sterile gauze compresses.. 12 12 18 

Cotton-tipped applicators . 50 50 100 

2 oz. package sterile cotton. 1 1 ] 

Box of 12 ammonia ampules. Ill 

2 oz. tube white petrolatum jelly.. 1 1 1 

2 oz. bottle merthiolate . 1 1 ] 

Bottle of 100 5 gr. aspirin . 1 1 1 

100 antacid tablets 
Package safety pins 
Package cleansing tissues 
Package paper cups 
Scissors 
Tweezers 

Arm and leg splints 
Stretcher 

Standard First-Aid Manual 

Small notebook and pencil for recording cases 

These supplies should be centrally located, near a telephone if pos¬ 
sible, and every worker familiarized with the area designated. A 
clearly identifiable sign, possibly incorporating the red cross symbol 
should be provided. The first aid kit should never be locked, and 
supplies should be replenished as needed. 



2-2 


June, 1958 


















The following additional supplies should be kept at the central 
first aid station: 

1. Blankets 

2. Gas or electric hotplate 

3. Clinical thermometer 

4. Tongue depressors 

5. Soap 

6. Tincture of green soap 

7. Rubbing alcohol 

8. Basins (for soaking hands and feet) 

9. Sterile castor oil or mineral oil for eyes and ears 

10. Graduated medicine glass 

2-3 TREATMENT 

Great haste in giving first aid is usually unnecessary and some¬ 
times harmful. However, in construction work, there are two kinds 
of cases where great speed is necessary: severe bleeding, and cases 
where breathing has been suspended, requiring artificial respiration. 
Control of bleeding and restoration of breathing are largely 
dependent on immediate action for success. In other cases than 
these, do not rush ; plan the action first and carry it out carefully 
and thoughtfully. 

2-4 BLEEDING 

Bleeding is usually best controlled by direct pressure applied to 
the wound with a dressing or cloth. If a sterile dressing—that is, 
one free from germs—is at hand, it should be used. Otherwise, 
any cloth, the cleaner the better, may be applied. A bandage may 
be snugly applied over the dressing or cloth to hold it in place. 

Usually the victim should lie flat. In case of bleeding from an 
arm or leg, several pillows or other objects may be placed under 
the limb to elevate it slightly. 

Sometimes direct pressure alone will not control bleeding. This 
is likely to be true in case of bleeding from an arm or leg wound. In 
such cases the first aider can decrease the bleeding by applying 
finger pressure against the artery which supplies the bleeding area. 
If the arm is bleeding, the finger pressure should be applied on the 
inner side of the arm between the shoulder and the elbow. This 
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presses the artery against the bone and diminishes the blood flow. 
In case of bleeding from the leg, the finger pressure should be applied 
in the groin against the pelvic bone. Direct pressure into the wound 
should always be used in addition to finger pressure. 

If a tourniquet is used, it should be placed close to the wound 
but not at the wound edge. There should be unbroken skin be¬ 
tween the tourniquet and the wound. Never use cord, rope or wire 
as a tourniquet—if necessary, use a necktie, stocking, or other fairly 
wide, flat band, long enough to go twice around the member being 
bound. Wrap the tourniquet over some flat pad, such as several 
thicknesses of gauze or a folded handkerchief. 

Crushing wounds, large lacerations where large arteries are 
severed, or in cases of partial or complete severance of the body 
part are the only instances where the use of a tourniquet may be 
justified. 

In case of nose bleed, the victim should sit up with the head 
thrown back slightly. Sometimes the bleeding will stop if pressure 



Illustration 2-1 Back pressure-arm lift method of arti- 

Back pressure-arm lift method of arti- ficial respiration. Step 1. Operator in 
ficial respiration. Correct position of position, thumbs touching, heels of 
operator’s hands and victim’s head on hands just below line between victim’s 
arm. armpits. 
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is applied to the upper lip for a few minutes. A large cloth or 
towel moistened in cold water and applied to the nose and face will 
sometimes help. The victim should not cough, talk or walk about. 
He should not blow his nose. 



Back pressure-arm lift method of arti- Back pressure-arm lift method of arti¬ 
ficial respiration. Step 2. Steady pressure ficial respiration. Step 3. After applica- 
exerted by operator on chest of victim, tion of pressure, operator rocks back- 
Elbows straight, arms nearly vertical, ward, sliding hands to victim’s arms just 
operator rocking forward. above elbows. 


2-5 ARTIFICIAL RESPIRATION 

When a person’s oxygen supply is cut off or reduced below 16% 
in the atmosphere for a short time, he is in danger of losing his life 
by asphyxiation. However, in these cases, most common of which 
are drowning, gas poisoning, electric shock, suffocation and seda¬ 
tive poisoning, artificial respiration may revive the victim. When¬ 
ever breathing has stopped in cases of this kind, IMMEDIATE 
ACTION IS NECESSARY. Every second counts. 

Extreme care must be exercised in applying artificial respiration 
to avoid damage to bones that may be broken. If victim has fallen 
or been trapped in a cave-in, suspect broken ribs or other bones. 
Mouth-to-mouth breathing may be necessary if ribs are broken. If 
arms, hands or wrists are broken, prone pressure method should be 
used. 
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2-6 BACK PRESSURE-ARM LIFT METHOD OF RESUSCITATION 

Follow the Instructions Even if the Patient Appears Dead. 

If for any reason the Back Pressure-Arm Lift method cannot be 
started at once, make compres¬ 
sions on the lower part of the 
chest each 4 or 5 seconds until 
you can start the Back Pres¬ 
sure-Arm Lift method. As 
stated above, each second saved 
is important. Although recov¬ 
ery often occurs within 15 
minutes of the time artificial 
respiration is started, occa¬ 
sionally a victim, particularly 
in cases of electric shock or 
gas asphyxiation, does not re¬ 
cover for several hours. 

While giving artificial res¬ 
piration , have someone sum¬ 
mon a rescue squad in order 
that an inhalator or rescuscita- 
tor be brought to the scene. 

These apparatus are equipped 
to supply oxygen to the victim 
and thus increase his chance 
of recovery. This equipment should be operated only by qualified 
personnel. 

References 

For complete instructions on first aid practices, other methods of 
artificial respiration, and emergency treatments not covered here, 
it is suggested that the local American Red Cross be contacted. A 
number of useful publications are available from this organization. 



American Red Cross 


Illustration 2-5 

Back pressure-arm lift method of arti¬ 
ficial respiration. Step 4. Continuing to 
rock backward, operator raises arms 
until resistance and tension are felt at 
victim’s shoulders. Arms are then 
dropped and cycle repeated. Cycle should 
be repeated twelve times per minute, re¬ 
lease periods of minimum duration. 
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SECTION 3-DEMOLITION 

3-1 GENERAL 

Many dangers are connected with the wrecking of a building, 
and experience and skill are required even where the structure to 
be demolished is quite small. Contracting and special wrecking 
firms have developed organizations for handling this particular 
work, and methods of carrying it out in a highly efficient manner 
have been devised. 

Accidents often occur as the result of placing the work in charge 
of foremen with insufficient experience, and can be reduced by the 
employment of experienced and competent wreckers. Unauthorized 
entry into the wrecking area should ge prohibited at all times. 


3-2 PLANNING THE WORK 

Before beginning the actual work of demolition, a careful study 
should be made of the structure that is to be torn down, and of its 
surroundings. A DEFINITE PLAN OF PROCEDURE THEN 
SHOULD BE MAPPED OUT, AND THEREAFTER FOL¬ 
LOWED AS CLOSELY AS POSSIBLE. 

This is especially important when haste is essential, as the work 
can be executed much more rapidly and safely when it proceeds in 
accordance with a definite plan. In formulating the plan, it is 
necessary to consider the security of adjoining buildings, and to 
make adequate provisions for their safety. 

3-3 SHORING ADJOINING BUILDINGS 

Shoring of other buildings is often necessary and full provision 
should be made for carrying out all operations of this kind promptly, 
thoroughly and in a safe and workmanlike manner. The removal 
of a building may weaken the side wall of adjoining structures, and 
to prevent possible damage, the demolition contractor should sup¬ 
port these walls until such time as permanent protection is provided. 

If a structure has been partly wrecked by fire, flood, explosion, 
or other catastrophe, it may be necessary to shore up or brace some 
of the walls of the building that are to be taken down, before the 
wrecking operations can be safely started. 
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3-4 PROTECTION OF THE PUBLIC 

Before the wrecking operations begin, protection of the public 
against falling objects should be provided when the buildings stand 



Illustration 3-1 

Typical detail of sidewalk protective shed affording protection to the public. 
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close to a street or to a much frequented thoroughfare of any kind. 
The entire sidewalk adjoining the building to be wrecked should be 
fenced off, and sidewalk sheds constructed where necessary. Side¬ 
walk sheds should be capable of supporting a load of 150 pounds 
per square foot. If material is to be piled on sheds, they should 
be capable of supporting 300 pounds per square foot. 

Platforms and guard rails should be erected for the protection 
of the public and workmen from danger. (See local ordinance.) 

Warning signs and red lights at night should be placed wherever 
the public is exposed to any danger. 

Children and other members of the public should be kept out of 
the building and adjoining yard. When fire wood is to be disposed 
of, it should be done in systematic manner and children who are 
searching for such materials should be kept away from the opera¬ 
tions. 

Where building material is to be disposed of, and where it is to 
be removed by members of the public directly from the site, special 
precautions are necessary to keep them clear of the danger zone. 

3-5 ORDER OF PROCEDURE 

The demolition should always proceed systematically, story by 
story, and the work on the upper floors should be completed before 
any of the supporting members or other important parts on the 
lower floors are disturbed. By proceeding in this orderly manner, 
it is easy to eliminate dangerous conditions, such as weak and un¬ 
supported walls and chimneys, towering above the workmen. 

All gas, electricity and water should be shut off at the outset, 
and all windows, glass doors and other fragile fixtures removed 
before proceeding with any other work. I he lath and plaster then 
should be stripped off throughout the entire building. This 
method is advantageous because it reduces glass breakage and also 
eliminates a large amount of dust-producing material before the 
more substantial parts of the building are removed. 

3-6 REMOVING MATERIAL FROM UPPER FLOORS 

Material should never be thrown to the ground. It should be 
lowered to the ground or to the top of the sidewalk shed by means 
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of ropes or suitable tackle. Workmen should be especially for¬ 
bidden to throw heavy masses or large quantities of material from 
the upper floors to the lower ones. Area where materials are 
lowered to the ground or shed should be barricaded to prevent 
persons from using this area. 



. National Safety Council 

Illustration 3-2 


Systematic demolition will avoid this type of dangerous working conditions. 

3-7 MATERIAL CHUTES 

Wooden or metal chutes should be provided, in all cases, for the 
removal of bricks and other loose debris. They should be com¬ 
pletely enclosed so that it will be impossible for the material to 
escape before reaching the bottom. To prevent the descending ma¬ 
terial from attaining a dangerous speed, chutes should not extend 
in an unbroken line for more than two stories. A gate or stop pro¬ 
vided with suitable means for closing, should be placed at the 
bottom of each chute to stop the flow of material. 

Workmen should not be allowed to remove material from chutes 
with their hands. Suitable tools should be provided for that purpose. 

A danger sign and removable barricades should be placed at the 
discharge end of every chute, and workmen or other persons should 
not be allowed to stand near or to leave trucks near, except while 
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loading. Flashboards of extra height to prevent material from 
bounding should be placed on motor trucks or wagons that are to 
be loaded from a chute. 


3-8 REMOVING WALLS IN SECTIONS 

Sections of walls should never be loosened and allowed to fall as 
single masses upon the floors of buildings that are being demolished. 

Floors should not be overloaded by letting accumulated mate¬ 
rial down from floor to floor. Debris should be chuted down and 
hauled away immediately. 

Walls should be removed part by part. If so thin or weak as to 
make it dangerous to stand on them, staging should be erected for 
the men to work on. 

Chimneys and walls as a general rule should not be pulled down 
as a whole. 

Chimneys and walls should not be left in such condition that they 
may be toppled by wind, built-in beams or other force. 


3-9 REMOVING STRUCTURAL STEEL 

Where a derrick is used, care should be taken to see that the 
floor on which it is placed is amply strong for the loading to be 
imposed. If necessary, heavy planking should be used to distribute 
the load to floor beams and girders. 

Overloading of the equipment should be guarded against. 

Tag lines should be used on all lowered or hoisted material and 
a proper signal system set up and used. 

Men should not be permitted to ride the load or the load line. 

Steel members should be lowered from the building and never 
allowed to drop. 

3-10 MECHANICAL DEMOLITION 

When demolition is to be performed by a weight ball, power 
shovel, or other mechanical device, the following precautions are 
suggested: 
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1. The building height should not exceed 80 feet. 

2. The area should be barricaded a minimum distance from the 
wall of one and one-half the height of wall. 

3. Only workmen engaged in demolition should be allowed in 
this area. 

4. While the mechanical device is in operation, no workmen 
should be allowed to enter the building being demolished. 

5. The device being used should be located to avoid falling debris. 

6. Where a swinging weight is being used, the cables should be 
of such length or so restrained that the weight cannot strike any 
other structure, power line, etc. 

7. Two or more separate cable slings should be used to attach the 
weight ball to the crane hook. 

8. Experienced operators make it a practice to let the weight 
rest on or touch the point to be struck before placing the weight in 
operation. 

3-11 MISCELLANEOUS 

One of the principal dangers in demolition work is from falling 
objects. To protect men who may be working on floors below the 
level of the actual demolition operations, all floor openings should 
lie kept covered, except when in actual use for lowering material. 
If this is not feasible, toe-boards and hand-rails should lie installed 
around the openings. 

In demolishing exterior walls of a multi-story structure, it is 
advisable to provide “catch platforms’’ of heavy planking to pre¬ 
vent injury to men working below and to the public. The outer 
edge should be at least six inches higher than the inner edge. It is 
advisable to provide an enclosure of heavy galvanized iron wire 
mesh along the outer edge of the catch platform. 

Care should be exercised in handling sheet metal roofing and 
cornices, and no broken glass should be left lying about in the 
building. 
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Stairs and stair railings should be left in place as long as possible. 

Do not allow material to accumulate on a floor so as to over¬ 
load it. 

Do not overload hoists or elevators. 

Scaffold used on walls should be self-supporting, especially on a 
burned building. 

It is not advisable to use “fan” scaffolds or scaffolds built out¬ 
side the walls on outriggers. They should never be used where 
heavy material such as stone or concrete is being removed as they 
may break the outriggers and drop workmen and materials to the 
ground. 

Exercise special care in cases where beams are embedded in party 
walls. 

Goggles should be worn to protect the eyes from injury from 

flying pieces, dirt and dust blown by the wind. 

Gloves should be worn. 

Men exposed to the danger of falling objects should be provided 
with and wear hard hats. 

Screens should be placed where necessary to prevent flying pieces 
from injuring fellow workmen. 

Use water to reduce dust when tearing down plaster or brick 
work. If watering is impractical, workmen should wear approved 
type respirators. 

Have no unnecessary work going on below, but when necessary 
those so employed should be protected. 

Do not walk through dark or unlighted halls or other areas with¬ 
out a flashlight. 


3-12 THE NAIL HAZARD 

All projecting nails in boards, planks and timber should be care¬ 
fully removed, hammered in or bent in a safe way. 

Gloves, hard hats, and safety shoes with good soles should be 
worn by workmen engaged in demolition work. 
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SECTION 4 — WELDING AND CUTTING 

4-1 ARC WELDING 

4 - 7.7 General 

A suitable fire extinguisher or other fire control device should 
be ready for instant use in any location where welding is done. 
Where welding must be carried on near combustible materials, a 
helper, or other extra man if necessary, should be on hand to guard 
against fire. 

Screens, shields, or other safeguards should be provided for the 
protection of men or combustible materials below or otherwise ex¬ 
posed to sparks or falling objects. When others must work nearby, 
they should be protected from the arc rays by screens, or by other 
adequate individual protection. 



Illustration 4-1 

Closed containers which have contained flammable liquids must be thoroly 

cleaned to avoid this. 
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When welding or cutting lead, zinc, cadmium-coated, lead-bear¬ 
ing, or other toxic materials, provision should be made for re¬ 
moval of fumes, or the use of proper personal respiratory protective 
equipment enforced. 


4 - 7.2 Welding Equipment 

Only standard electric arc welding equipment such as generators, 
motor-generator units, transformers, rectifiers, etc., conforming to 
the requirements of the National Electrical Manufacturers' Asso¬ 
ciation or the Underwriters' Laboratories, Inc., or both, should be 
used. 

Power circuits should be installed and maintained in accordance 
with the National Electrical Safety Code. Check voltage machine 
is wired for before connect¬ 
ing. 

Frames of all electric welding 
machines operated from power 
circuits should be effectively 
grounded, with No. 8 gauge 
wire or heavier. 

Electrode and ground cables 
should be supported so as not 
to create obstructions interfer¬ 
ing with the safe passage of 
workers. The ground lead for 
the welding circuit should be 
mechanically strong and elec¬ 
trically adequate for the serv¬ 
ice required. 

Where it is necessarv to 
couple several lengths of cable 
for use as a welding circuit, in¬ 
sulated connectors should be used on both the ground and electrode 
holder lines if occasional coupling or uncoupling is necessary. For 
permanent connections, solder and tape splices may be used. 



National Safety Council 

Illustration 4-2 


The use of hand trucks is recommended. 
Cylinders should be chained to prevent 
tipping. 
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An electrode holder of adequate rated current capacity, insulated 
against shock and against shorting or flashing when laid on grounded 
material, should be used. 

Adequate exhaust to the outside should be provided where internal 
combustion engines are used to operate welding machines in en¬ 
closed spaces. 

4 - 7.3 Protective Clothing 

Protective clothing required for any welding operation will vary 
with the size, nature, and location of the work. 

Some suggested protective measures for welders and helpers are: 

1. Flame-resistant gauntlet gloves, to be worn except where 
welder is engaged in light work. 

2. Flame-resistant aprons of leather, asbestos, or other suitable 
material as protection against radiated heat and sparks. 

3. Clothing should be free of oil, grease. Woolen clothing is 
not as readily ignited as untreated cotton clothing, and aids in 
protecting the welder from changes in temperature. 

4. Pockets and cuffs invite sparks. Collars and cuffs should be 
buttoned, and cuffs turned up inside pants. Pockets should be 
eliminated from front of vests, shirts, and aprons, or covered with 
buttoned flaps. 

5. Fire-resistant leggings, high boots or other leg protection 
should be required for very heavy work. 

6. Safety shoes are recommended. Low-cut shoes with unpro¬ 
tected tops should not be permitted. 

7. Fire-resistant capes or shoulder covers should be worn dur¬ 
ing overhead welding operations. 

8. Leather caps worn under helmets will prevent head burns 
during overhead welding. 

9. Ear protection is sometimes desirable for overhead welding 
and welding in confined places. Protectors should be required. 
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10. Eye and head protection. High quality welding helmets of 
glass fibre, vulcanized fibre, chrome leather or other suitable mate¬ 
rial should be required. The proper shade of welding lens should 
be required and an adequate supply of cover lenses should be 
available. Handshields are generally substituted for helmets on 
light, intermittent work. Men assisting operator should also wear 
protective lenses to avoid “welding flash” of eyes. 

Safety goggles or spectacles should be worn under the helmet 
during chipping and cleaning. These goggles should have tinted 
lenses, affording ultra-violet and infra-red radiation protection. 

11. Combination safety hats-welding helmets may be required 
in special situations exposing welders to the hazard of falling objects 
from overhead. 

4 - 7.4 Chipping, Cleaning, and Grinding 

When removing excess weld metal, faulty weldments, or slag, 
the welder removes or raises his shield in order to see. The chips 
flying from the cleaning hammer are dangerous, especially to the 
eyes, and safety goggles or a protective face shield should be used. 

Gloves should be worn to protect the hands and wrists. 

Flying chips are liable to travel a considerable distance. The 
danger to other personnel in the area may require screening or 
shielding. 

Caution workmen to chip away from the face. Face should be 
shielded with free hand. 

Gloves should be worn when wire-brushing weld metal. 

When cleaning and brushing surfaces to be welded, use caution 
to avoid metal slivers and sharp edges. Gauntlet gloves are ad¬ 
visable. 

See Section 17, Power Tools, for recommendations concerning 
the use of power grinders. 

4 - 7.5 Electrode Stubs 

A fire-resistant bucket or container should be provided for the 
disposal of electrode stubs. 
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Careless disposal of hot stubs may result in (1) Injury to other 
workmen, especially those working at lower levels. (2) A falling 
hazard, if dropped on the floor, walkway, or other surface. (3) 
Fire hazard, if dropped into combustible material. 

4 - 7.6 Welding and Cutting as a Fire Cause 

Special Interest Bulletin No. 66, issued by the National Board 
of Fire Underwriters, 85 John Street, New York City, gives full 
details and examples of welding and cutting as a cause of fires. 

Cutting as well as welding itself, is cited as a major offender, 
because molten metal and sparks from cutting travel further and 
are more likely to cause fire than sparks from gas or electric arc 
welding. 

Sparks from welding and cutting operations may be showered 
25 or 30 feet, and may retain heat for several seconds which is suf¬ 
ficient to ignite combustible material. 

Precautions recommended: 

1. Good housekeeping, to remove all loose, easily combustible 
materials such as wood shavings and scraps, sawdust, paper, 
rags, and especially oil and grease-soaked materials. 

2. Removal of all highly volatile materials, such as gasoline 
and solvents. 

3. Shielding, with asbestos, sheet metal, or other suitable ma¬ 
terial, of wood planking, scaffolding, and other combustible 
material that cannot be removed. 

4. Inspection thirty to sixty minutes after welding or cutting. 
Where fire hazard exists, especially beneath the operation, a 
watcher with fire extinguisher may be advisable. Remember 
that the welder cannot easily detect sparks through the weld¬ 
ing lens, and that his attention is focused on the work. 

5. Fire extinguishers ready to use at all times. 

6. Proper maintenance and use of safe welding equipment, 
combined with strict adherance to safe practices, will reduce 
fire hazards. 
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4 - 7.7 Automatic Sprinkler Systems 

When welding or cutting work must be done on an automatic 
sprinkler system, or where the sprinklers are shut off for any rea¬ 
son, extra precautions should be taken. 

4 - 7.8 Explosion Hazards 

Cutting or repair welding of closed containers which have con¬ 
tained flammable liquids require extreme caution. 

Container should be thoroughly steam cleaned; if removal and 
handling for steam cleaning are impracticable, container may be 
filled with water, or an inert gas. 

Detailed recommendations are contained in “Safe Practices for 
Welding and Cutting Containers That Have Held Combustibles,” 
published by the American Welding Society, New York City. 

4-2 GAS WELDING AND CUTTING 

4 - 2.7 General 

Only standard oxyacetylene welding and cutting equipment, in 
first-class operating condition, should be used. Most insurance 
companies and contracting authorities approve equipment listed by 
the Underwriters’ Laboratories, Inc., or approved and listed by 
Factory Mutuals Laboratories. 

4 - 2.2 Storage of Cylinders 

1. Keep cylinders away from sources of heat. If stored in 
buildings, keep away from highly combustible materials, stoves, 
radiators, etc. 

2. Store securely. Cylinders should be securely placed, to pre¬ 
vent tipping over, and should not be piled near elevators, gangways, 
or other places where they are likely to be knocked over. 

3. Cylinders of oxygen should not be stored close to cylinders of 
acetylene or other fuel gas. 

4. Cylinders stored in the open should be protected from ac¬ 
cumulations of ice and snow, and should be shielded from the direct 
rays of the sun where temperatures are high. 
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5. Close valves on empty cylinders. 

6. Valve protecting caps, should always be in place when cylinders 
are not connected. 

7. Cylinders should be stored so as to avoid possible destruction 
or obliteration of coloring, tags, and other means of identifying 
the contents. 

8. While in use, valve key wrench should be kept in place on 
valve spindle. 

4 - 2.3 Use of Cylinders 

1. Gas cylinders are exposed to many dangers at the construction 
site. Select a location for setting up cylinders which will be ex¬ 
posed to as little contact as possible from moving equipment, mate¬ 
rials and the like. 

2. Cylinders should be placed in a rack, chained, or otherwise 
positively secured against tipping over. 

3. Cylinders should be used in the order received from the sup¬ 
plier. When empty, valve should be closed and cylinder marked 
accordingly. 

4. Keep cylinders from contact with electric wires. 

5. Shield from sparks or flame from welding and cutting. 

6. Do not allow storing, temporary or otherwise, of tools, mate¬ 
rials, or anything else on top of cylinders. 

4 - 2.4 Handling Cylinders 

1. Whenever cylinder is being moved, be sure valve protection 
cap is in place, and closed. 

2. Never use valves or caps for lifting. 

3. For raising or lowering, use suitable sling, boat, cradle, or 
platform. 

4. Always handle carefully. Do not drop or jar. 

5. Do not lift with electric magnets. 
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6. Cylinders may be moved by tilting and rolling on bottom 
edge; avoid dragging and sliding. 

7. When moving with hand truck, be sure cylinders are securely 
held in place. 

Reference Material 

1. Safety in Electric and Gas Welding and Cutting Operations, 
Z49-1, American Welding Society, 33 West 49th St., New York 
18, N. Y. 

2. Safe Practices for Welding and Cutting Containers That 
Have Held Combustibles, A6.0, American Welding Society. 

3. Procedure Handbook of Arc Welding Design and Practice, 
Lincoln Electric Company, Cleveland 1, Ohio. 

4. National Board of Fire Underwriters, 85 John St., New 
York 7, N. Y., National Electrical Code. 

5. National Board of Fire Underwriters: Special Interest Bulle¬ 
tin No. 66, “Welding and Cutting as a Fire Cause.” 
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SECTION 5-FLAMMABLE GASES 
AND LIQUIDS 

5-1 GENERAL 

So many new developments are being made in manufacturing 
processes that it is impossible to list all of the gases, vapors, and 
liquids that might cause an explosion or prevent a fire hazard under 
favorable conditions. It is also difficult to classify many sub¬ 
stances as either flammable or explosive. Under certain conditions 
some may not burn; under altered conditions these same materials 
may burn slowly, rapidly or cause an explosion. 

5-2 GASES AND LIQUID 

The following lists include a number of the more common sub¬ 
stances whose storage and use is hazardous and which may be en¬ 
countered in the normal course of construction operations. 

Flammable Gases 

Acetylene Hydrogen Ethylene 

Illuminating Gas Natural Gas 


Flammable Liquids 


Ether 

Hydrocarbon (gas Drips) 

Gasoline 

Liquid Petroleum Gas 

Naptha 

Turpentine 

Benzol 

Paints 

Alcohol 

V arnishes 

Kerosene 

Dryers 

Fuel Oil 

Polishing Solutions 

Petroleum 

Cleaning Fluids 


5-3 IGNITION 

Flammable gases and vapors may be ignited in any one of four 
ways: spontaneous ignition of nearby substances; generation or 
application of a flame; a spark; or by excessive heat. 
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When it is necessary to repair tanks or drums that have con¬ 
tained flammable or explosive gases or liquids, all rust and sludge 
should be removed from the inside by tapping the sides with wooden 
objects. The vessels should then be exhausted of all fumes by 
steaming, the use of inert gases or the use of natural gas. 


5 - 3.7 Steaming 

The following precautions are recommended if the steaming 
process is employed: 

1. The work should be done only by trained workmen. 

2. A metal nozzle or fitting at the end of the water or steam 
hose should be utilized. 

3. The nozzle should be electrically bonded to the container. 

4. Remove all bungs, open all valves, and be sure all outlets are 
open and cannot become clogged. 

5. Steam should be at sufficient temperature and steaming opera¬ 
tions should be long enough to insure heating of the vessel and any 
material inside to a high enough temperature to vaporize and remove 
any flammable vapors that might be generated during welding or 
cutting operations. 

6. Steaming operations should be started slowly and the steam 
should be entered at or near the bottom of the vessel and allowed 
to escape from top outlets. 

7. Before arcs or flames are applied, the vessel should be tested 
by an approved flammable gas detector, and the test should be re¬ 
peated frequently during welding and cutting work. 

After steaming, the vessel should be filled with water to force 
out vapors, and the section to be repaired placed at the highest 
point. Water should remain in the vessel during repairs. 

5 - 3.2 Inert Gases 

Inasmuch as heat from the torch may force flammable vapors 
from scale or other substances not removed by proper cleaning, 
the use of inert gases for purging and inerting a vessel is highly 
recommended. The low cost and availability of such gases, in- 
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eluding nitrogen and carbon dioxide, make their use economically 
practical. Proper use is good insurance against explosion or fire. 

5 - 3.3 Natural Gas 

Natural gas can also be used to purge a vessel and make it safe 
for welding and cutting. To insure that the atmosphere in a vessel 
is maintained above the upper flammable range, the gas should flow 
continuously at low pressure into the bottom of the vessel and out 
the top through an opening where it can be kept burning safely. 

The use of open flames such as lanterns, gas jets, oil lamps, 
torches, or candles should not be permitted where there is an ex¬ 
plosion hazard. 

Smoking should be prohibited where flammable substances are 
used, stored, or generated. 

Oily rags and dust should not be allowed to accumulate. 

5-4 SPARKS 

Precaution should be taken to avoid static electric sparks, par¬ 
ticularly on power transmission belts. Where there is an explosion 
hazard, both the moving and stationery parts on machinery should 
be electrically grounded. 

Open motors and switches should not be installed near places 
where explosives or flammable materials are stored or in use. 

All electric wiring and fixtures in such places should be safely in¬ 
stalled to prevent arcing. Lamp sockets should be the keyless type 
and lamp bulbs should be enclosed with vapor-proof globes. 

Sparks are liable to be formed when pouring gasoline through 
a chamois skin strainer. Dangerous sparks often result from strik¬ 
ing together two pieces of metal or from nails in shoes striking on 
nails in floors or on metal covered, stone, or concrete floors. It is 
desirable to have workmen wear non-sparking shoes wherever flam¬ 
mable liquids are used, stored, or handled. 

5-5 WARNING SIGNS 

Where explosive or flammable substances are stored or used, 
properly worded danger signs telling of the hazard and warning 
against the carrying of matches or open lights and prohibiting the 
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entrance of unauthorized persons should be posted. NO SIGN 
SHOULD BE POSTED UNLESS ITS WARNING IS EN¬ 
FORCED. To post a sign and not enforce it may establish an 
alibi, but not a safety record. 


5-6 GASOLINE AND LUBRICANTS 

5 - 6.7 Fueling Equipment 

The fueling of equipment is a hazardous and always potentially 
dangerous procedure, but the risks can be greatly reduced if a few 
simple rules are followed. Unfortunately, they are often neglected, 
sometimes through ignorance but more often through sheer care¬ 
lessness. 

The rules are: 

1. Shut off ignition (stop Engine) when fueling. 

2. Avoid spilling fuel. 

If spills occur, use a drying or absorbing agent; do not wash 
spillage into sewer, cesspool, or septic tank. 

3. Do not smoke in the fueling area. 

4. Have available in the fueling area a filled fire extinguisher 
in proper working order. 

5. Use approved dispensing equipment (Pumps, hoses and 
nozzles). 



to be avoided—careless workman, engine running, leaking fuel, patched-up 

unsafe hose. 
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Illustration 5-2 

How to fuel equipment safely; the bad practices in the other illustration are 
absent and, as an extra precaution, a fire extinguisher in working condition is 
standing by should it be required. 


5 - 6.2 Use and Handling of Petroleum Solvents 


Petroleum solvents are generally toxic, as well as combustible, 
and care must be exercised in their use. 

1. Avoid prolonged contact with the skin. 

2. Keep solvent containers closed when the product is not being 
dispensed. 

3. Provide ample ventilation of indoor areas used for solvent 
storage. 

4. Do not heat solvents above their flash point to facilitate 
cleaning, or apply to parts heated above the flash point of the 
solvent used. (Your supplier can tell you the flash point of 
the product he furnishes.) 

5. Store fuel or solvent-saturated wiping cloths in closed con¬ 
tainers during accumulation prior to disposal; do not leave 
in the open. 

Caution. Never use gasoline for cleaning purposes: kerosene or 
diesel fuel oil, or a so-called safety solvent, even though flammable, 
are relatively much safer. 

5-7 GASES 


Gas leakage is especially to be avoided. Approved combustible 
gas indicators should be used and all leaks should be repaired at 
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once. No attempt should be made to locate leaks with matches, 
candles, or other open flames. 

Fumes of all substances mentioned are asphyxiating, and no one 
should attempt to enter a tank that has contained such substances 
without first having exhausted the fumes with a blower fan. After 
fumes have been exhausted a fresh-air hose mask or self-contained 
breathing equipment should be worn while inside the tank. Canister 
type masks do not furnish oxygen and can be worn only where at 
least 16% oxygen is present and there is not over 2% toxic gas 
or 3% ammonia. If a candle, match, or flame safety lamp will not 
burn, there is less than 16% oxygen present, which is not sufficient 
to support life. In many places it would be dangerous to use a 
flame to detect oxygen deficiency. As it is often not possible for 
a contractor to have the necessary equipment for detecting these 
percentages, only fresh-air hose masks or self-contained breathing 
equipment should be used where any doubt exists. Persons using 
this equipment should be trained in its operation. 

Some of these substances are poisonous, particularly benzol, and 
often cause systematic disorders and skin irritation, especially to 
persons susceptible to their influence. Indicators and detectors of 
the presence of many toxic gases and vapors are available. 

5-8 ACETYLENE 

See Section 4. 

5-9 COMMERCIAL GASES 

Commercial gases, such as those used for lighting and welding, 
should be handled with the same precautions as observed when 
handling other flammable gases. 


5-10 VAPORS AND FLAMMABLE LIQUIDS 

Vapors and flammable liquids probably cause more explosions 
than all other causes combined. Great care should be exercised 
in storing and handling gasoline and other flammable liquids to 
prevent evaporation and mixing of their vapors with air. 

Large quantities of flammable liquids should be stored in under¬ 
ground tanks. 
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5-11 ACIDS AND CAUSTICS 


Persons working around acids and caustics should wear ap¬ 
proved type clothing, aprons, shoes, gloves, hoods, hats, leggings, 
dust-tight goggles, etc., suitable for use with the material handled. 


5-12 TRANSFERRING FLAMMABLE LIQUIDS 

Flammable liquids such as gasoline, alcohol, acetone, and paint 
thinners should be transferred from one container to another in the 
open or in a well-ventilated area. Many fires and explosions occur 
when vapors escape from such liquids and become ignited while 
the liquids are being transferred in confined, unventilated areas. 
Vapors from gasoline, butane, and many other flammable liquids 
are heavier than air and will hang around the floor and travel into 
low places unless sufficient ventilation is provided to carry them 
away. 

5-13 CLEANING SOLVENTS 

GASOLINE SHOULD NEVER BE USED FOR CLEANING 
GREASE OR ANY OTHER SUBSTANCE FROM EQUIP¬ 
MENT, MATERIAL, OR HANDS. Only cleaning solvents 
recommended by recognized authorities should be used. 

5-14 HOUSEKEEPING 

Metal containers with self-closing lids should be provided for oily 
rags, waste and other substances. All such material should be 
regularly disposed of by carefully controlled and supervised burn¬ 
ing or other means. Rags, waste, and other materials, whether 
oily or not, should never, under any circumstances, be stored or 
allowed to accumulate in non-fireproof containers, closed room, 
closet or locker. 

Separate metal containers should be provided for lunch scraps, 
papers and the like. 

5-15 OIL HOUSE 

The oil house should be a separate, detached building of fire- 
resistant construction. Floors should be of earth or concrete, and 
not of wood. 
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Safety cans bearing the label of the Underwriters' Laboratories 
should be used for flammable liquids, and containers should be 
placed in metal racks or frames. 

Proper bottom ventilation should be provided and the oil house 
kept clean. 

Rags, waste, burlap, or clothing should not be allowed to remain 
in the oil house. 

Open lights should not be used in the oil house and smoking 
should never be permitted in or near it. 


5-16 PHYSICAL AND CHEMICAL PROPERTIES OF 
FLAMMABLE LIQUIDS AND GASES 

Familiarity with the properties and characteristics of flammable 
liquids and gases is important to the proper handling of such ma¬ 
terial and controlling fires. 


5 - 76.7 Flash Point 

The flash point of a flammable liquid is the lowest tempera¬ 
ture at which the liquid gives off sufficient vapors to form a flam¬ 
mable mixture when mixed with air near the surface of the liquid. 
Stated another way, the flash point is the lowest temperature at 
which a flammable liquid, when heated in the presence of a source 
of ignition and sufficient air, will flash but not continue to burn. 
The flash point figures in the table (Illus. 5-3) are closed cup 
determinations except where followed by the designation (oc) 
which means the determination was made by an open cup method. 
The open cup flash point is usually somewhat higher than the closed 
cup flash point for the same substance. 


5 - 76.2 Fire Point 

The fire point (not shown in the table) is the lowest temperature 
at which a flammable liquid, when exposed to a source of heat and 
in the presence of sufficient air, will give off sufficient vapors to 
ignite and continue to burn. The fire point is usually a few de¬ 
grees above the flash point. 
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Explosive Limits (Flammable Liquids). The explosive or flam¬ 
mable limits include all concentrations of a mixture of flammable 
vapor or gas in air, usually expressed in percent by volume, in 
which a flash will occur or a flame will travel if the mixture is 
ignited. The lowest percentage at which this occurs is the lower 
explosive limit, and the highest percentage, the upper explo¬ 
sive limit. If such a mixture is confined and ignited, an ex¬ 
plosion results. Many common flammable liquids and gases have 
very wide explosive ranges. Mixtures outside these limits are 
either too “lean to burn” or too “rich to burn.” The first men¬ 
tioned mixture is below the lower explosive limit since it does not 
have sufficient flammable vapor or gas in proportion to the amount 
of air while the latter mixture has too much flammable vapor or 
gas in proportion to the available air. The explosive limit figures 
in the table are based upon normal atmospheric temperatures and 
pressures. 

5-16.3 Ignition Temperature 

The ignition temperature of a flammable liquid or gas is the 
lowest temperature required to initiate or cause self-sustained com¬ 
bustion in the absence of a spark or flame. This is also known as the 
auto or autogenous ignition temperature. This temperature varies 
considerably, depending upon the nature, size, and shape of the 
igniting surface, container or other factors. 

5-16.4 Specific Gravity 

The specific gravity of a material is the ratio of the density of 
the material to the density of some standard substance. The 
specific gravity of a liquid expresses the density of the liquid with 
reference to the density of water. Liquids with a specific gravity 
greater than one are heavier than water, and liquids with a specific 
gravity less than one are lighter than water. 


5-16.5 Vapor Density 

The vapor density of a flammable vapor or gas is the relative 
density of the vapor as compared with air when the density of air 
is taken as one. 
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5 -? 6.6 Rate of Diffusion 


The rate of diffusion of a flammable vapor or gas is a measure 
of the relative speed a vapor or gas will mix in an absolutely still 
atmosphere with air when air is taken as one. 

The rate at which any vapor or gas will mix with other gas de¬ 
pends upon the molecular weight values. Therefore, heavier gases 
diffuse more slowly than light gases. 


5-16.7 Boiling Point 

The boiling point of a liquid is the temperature of a liquid at 
which the vapor pressure of the liquid equals the atmospheric pres¬ 
sure. Therefore, the lower the boiling point the more volatile and 
generally the more hazardous is the flammable liquid. 

5-16.8 Spontaneous Heating 

Spontaneous heating is the ability of a flammable liquid to com¬ 
bine readily at ordinary temperatures with the oxygen of the air 
to produce heat. When these liquids are present on rags or other 
material under conditions in which heat is produced faster than it 
is dissipated, the temperature rises and spontaneous ignition may 
occur. Of the materials listed in the table, turpentine is the only one 
susceptible to spontaneous heating. 


5-16.9 Miscibility with Water 

The miscibility of a flammable liquid with water is an indication 
of its ability to mix with water. The property is important in fire 
fighting since the flash and fire points of a flammable liquid are 
appreciably raised as the amount of water in the mixture is in¬ 
creased. 

5-16.10 Extinguishing Agents 

The extinguishing agents in the last column of the table are 
coded according to the following schedule: 1—Water, 2-—Foam, 
2A—Alcohol Foam, 3—Carbon Dioxide or Dry Chemical, and 
4—Stop Flow of Gas (see note). 
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Note: While carbon dioxide, dry powder and sometimes water 
spray can extinguish small gas fires if the extinguishing medium is 
applied at the source of the fire, the best procedure is to shut off 
the source of gas. Extinguishment without shutting off the source 
of gas will permit unburned gas to accumulate creating a potential 
serious explosion hazard. 



Illustration 5-3 


Physical and Chemical Properties of Flammable Gases and Liquids. 
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SECTION 6-HANDLING AND STORAGE 
OF MATERIALS 

6-1 GENERAL 

Materials should be segregated as to kind, size, and length, and 
placed in neat, orderly piles that are safe against falling. If the 
piles are high, they should be stepped back as the height increases, 
and should be secured by cross-piling or cross-tying. Piles of 
materials should be arranged so as to allow passageways in store¬ 
rooms or warehouses. 

Materials placed in public streets should be well guarded, and 
should have suitable warning signs in the daytime and red lights on 
and around them at night. 

Collect and dispose of all scrap promptly. 

6-2 LIFTING 

In spite of the increased use of machinery and equipment in con¬ 
struction, most of the materials put into a structure are moved by 
hand during some phase of its building. The human body is sub¬ 
ject to severe damage in the form of back injury and hernia if 
caution is not observed in this handling process. Each worker 
should be instructed by his foreman or supervisor in the proper 
method of lifting heavy objects. Supervisors should also take 
care to assign enough men to each lifting job: the weight carried 
by each man should be determined by the distance to be moved, 
difficulty of movement presented, time required, etc. 

The general rules for lifting are: 

Get a good footing 

Place feet about shoulder width apart 

Bend at the knees to grasp the weight 

Keep the back straight 

Get a firm hold 

Keep the back as upright as possible 
Lift gradually by straightening the legs. 

When the weight is too heavy or bulky for you 
to lift comfortably—get help 

When putting load down, reverse this procedure. 
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6-3 LUMBER 

Lumber should be stacked on solid, level sills. 

Cross strips or cross-piling should be used where the pile is more 
than four feet high. 

The top of each pile should be kept as level as possible when 
lumber is being removed. 

Used lumber should have all nails removed before it is piled. 

Two men should carry long boards, and care should be exercised 
at corners and crosswalks. 


Illustration 6-1 

Safe storage of lumber. Note neat stacks, solid work platform, clean work area. 
Efficiency is aided by easy identification of lumber sizes. 


6-4 SACKED MATERIALS 

Sacked materials, such as cement and lime, should be carefully 
piled when placed in storage and should be carefully removed so 
as to keep the piles in a stable condition. 
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Piles should not be more than ten sacks high. Materials should 
not be piled on a floor or scaffold until the strength of the sup¬ 
porting members has been checked and found strong enough to 
support the weight. 

The first four end bags should be cross-piled in two separate tiers 
up to the fifth bag, where a stepback of one bag in every five should 
be made. Beginning with the fifth bag, only one cross tier is 
necessary. 

The back tier should be stepped back one bag in every five, the 
same as the end tiers. 

Cement in outer tiers should be piled with the mouths of bags 
facing the center of the pile. 

When removing sacks, the pile should be kept as even as possible. 

Lime, when exposed to dampness or water, forms slaked lime 
and may cause serious burns. It should, therefore, be stored in a 
dry place, preferably above ground, and should never be stored in 
a general warehouse, but always in a separate building at a safe 
distance from other buildings. 

Check storage spaces for nails and sharp edges. 



Illustration 6-2 

An example of good materials handling. Note clear roadways, side and back¬ 
stops on truck dump platforms, well-maintained lumber yard in background. 
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Alen handling sacked cement and lime should wear goggles, 
clothing made of durable materials with snug-fitting neck, wrist, 
and ankle bands, and should be encouraged to use a protective 
cream on exposed skin surfaces. 


6-5 BRICK AND TILE 

When bricks are stored on the job, they should be covered with 
tarpaper, tarpaulin, or other means to protect them from rain and 
from freezing. Frozen bricks have a tendency to move in the wall, 
and wet brick will not receive the bed of mortar without weeping. 

Brick should be carried in flat wheelbarrows to avoid unneces¬ 
sary chipping. 

When the brick pile is more than four feet high, it should be 
stepped back one inch in each foot from the four foot point. 

Brick and tile on pallets should be stored on firm level surface to 
avoid tipping or dislodging. 

If possible, limit piles of tile to six feet. 

File should be stacked in a vertical position. This will drain 
them of moisture and make them easier to handle. 

Under no circumstances should brick or tile be stored on scaffolds 
or runways. 

6-6 REINFORCING STEEL 

Reinforcing steel should be stored in separate piles according to 
size and length. Wooden stakes are safer for separating the piles 
than short pieces of steel rod. 

6-7 PIPE 

Pipe should be stored on specially designed sills or racks, and 
should be safely blocked to prevent rolling. 

When removing pipe, men should work from the end of the pile 
as much as possible. 

Pipe larger than two inches in diameter should be handled by 
using a hardwood pipestick, dolly, or crane. 

Two men should carry long lengths of pipe, and care should be 
used at corners. 


6-4 


June, 1558 










5 

| 

i 


Illustration 6-3 


June, 1958 


6-5 


SIDE ELEVATION END ELEVATION | BIN SAFETY PLATFORM 
































































































6-8 STORAGE BINS AND HOPPERS 

Storage bins and hoppers should be designed to withstand any 
load to which they may be subjected. When the discharge is by 
gravity through an opening in the bottom of the bin, the slopes of 



Courtesy Socony Mobil Oil Company, Inc. 


Illustration 6-4 

Drums stored upright and exposed directly to rain and changing temperatures 
undergo a “breathing” action that forces water through the bungs, thus con¬ 
taminating the contents. 



Courtesy Socony Mobil Oil Company, Inc. 


Illustration 6-5 

Even the simplest of covered storage will do much to keep lubricant drums and 
contents in good condition, relatively safe from damaging influences. 
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the sides should be such that the material will flow freely and not 
have to be loosened or forced through. If it should become neces¬ 
sary for a workman to enter the bin or hopper, he should wear a 
lifeline, with another workman outside the bin or hopper attend¬ 
ing the rope. 

Approved type respirators should be worn in confined, dusty 
atmospheres. 

Hoppers should be provided with grillage which will permit 
passage of material but will not allow personnel to pass. If no 
grillage is provided, use a safety line. 


6-9 BULK CEMENT 

Men engaged in handling bulk cement should wear tight-fitting 
goggles, respirators, and protective clothing that fits tightly at the 
neck, wrists, and ankles. 

Employees should be instructed that personal cleanliness is one 
of the best preventives against cement dermatitis, and should be 
furnished with hand cream or lanolin ointment for protection. 

6-10 UNLOADING RAILROAD CARS 

When railroad cars are being unloaded near passageways or 
walks, warning signs should be placed at each end of the car to 
warn pedestrians. 

Blue warning signals should be displayed to indicate that cars 
must not be coupled or moved. Other equipment must not be placed 
on tracks that would interfere with the view of the signals at any 
time without notifying the workman responsible for placing the 
signals. 

Workmen should stand clear of material being moved by mechan¬ 
ical equipment. 

Where gangplanks are used between cars and platforms or piles, 
cleats at lower end of gangplank, or pins through end of gang¬ 
plank, should be used to prevent sliding. If gangplank is on grade, 
cleats or abrasive surface should be provided for entire length. 

A car mover, and not an ordinary crowbar, should be used to 
move cars. 
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Cars should always be chocked while being unloaded; the brakes 
alone should not be depended upon to hold them. 

Safety wrenches should be used for opening drop-bottom cars. 

6-11 PETROLEUM PRODUCTS 

6-11.1 Handling 

Petroleum products delivered to the jobsite and stored there in 
drums should be protected during handling to prevent loss of 
identification through damage to drum markings, tags, etc. Un¬ 
identifiable petroleum products may result in improper use, with 
possible fire hazard, damage to equipment, or operating failure. 

Bulk delivery and storage of petroleum products requires the 
same care in identification, and particular attention to fire hazards 
during handling. 



Illustration 6-6 

Individual drum racks on casters provide a simple, ready means of storage and 
facilitate handling of full and empty drums. 


6-7 7.2 Storage 

Outdoor storage of drums requires some care to avoid contamina¬ 
tion. Moisture and dirt in hydraulic brake and transmission fluid, 
gasoline, or lubricants may easily cause malfunction or failure of 
equipment, with possible danger to personnel. The storage area 
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should be free of accumulations of spilled products, debris and 
other hazards. 



Illustration 6-7 

Storage of drums containing volatile fluids is made safer against static build-up 
through use of the simple grounding arrangement shown. 

Compressed gases and petroleum products should not be stored 
in the same building or close to each other. 

6-12 FIRE EXTINGUISHING EQUIPMENT 

Appropriate and adequate fire extinguishing equipment should 
be provided at storage locations. Refer to Section 36. 

Indoor storage provides weather protection. Fire resistant con¬ 
struction is advisable, including floor, which can be concrete, cinder, 
or tamped earth. Floor should be free of spillage at all times. 
Storage area should be properly ventilated and lighted, and smok¬ 
ing should be absolutely prohibited with warning signs posted to 
this effect. All drums containing volatile products should be elec¬ 
trically grounded. 

6-7 7.3 Dispensing 

Pumps, cans, funnels and other dispensing equipment should be 
clean and free of contamination. Damaged or faulty equipment 
should be repaired or replaced without delay. When not in use, 
dispensing equipment should be stored in a safe place. Containers, 
nozzles, and guns of both fixed and mobile dispensing equipment 
should be properly identified, in order to prevent product mix, pos¬ 
sible chemical reaction, and other dangers. 
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References 

1. National Board of Fire Underwriters, 85 John St., New 
York City. Special Interest Bulletins Nos. 146 and 161. 

2. Section 5 of this Manual, “Flammable Gases and Liquids.” 
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SECTION 7 - EXCAVATION AND SHORING 

7-1 PRELIMINARY SURVEY 

Before excavation work of any kind is begun, the site should be 
carefully inspected for conditions requiring precautionary measures. 
This is especially important when working in developed areas and 
in the vicinity of roadways and utilities structures. 

Adjoining property should be surveyed prior to commencing 
operations, and excavation operations planned accordingly. If 
structural defects, such as foundation cracks, uneven settlement, 
etc., are present, they should be recorded and verified. Signed and 
dated survey plats and photographs should be obtained where 
appropriate. 

The location of underground utilities, such as electric and tele¬ 
phone conduits, gas, water, and sewer mains should be determined. 
If any utility is to be removed, or have service interrupted, arrange¬ 
ments should be made with the utility owner beforehand. 


It may be necessary to temporarily relocate underground or over¬ 
head utility structures to permit construction operations. 



Constructor 


Illustration 7-1 

Advance planning and a definite traffic pattern promote safety and economy. 
Note two-way concrete buggy ramp, guard rails, general neatness. 
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If utilities are left in place, protection against damage should be 
provided. Exposed piping, cables, etc., should be supported by 
shoring or suspension. 

Provide for disposal of excavated materials and hauling route 
thereto. 

7-2 PROTECTION OF THE PUBLIC 

7 - 2.7 Streets 

Open cuts in or adjacent to thoroughfares should be adequately 
barricaded and posted. Lighting should be provided during hours 
of darkness. 

Local ordinances should be complied with in all cases. 

See Section 20 Highway Construction, for suggestions on traffic 
handling, warning signs, etc., in connection with construction oper¬ 
ations in these areas. 

7 - 2.2 Sidewalks 

Pedestrian traffic should be protected by guard rails or fences. 
Sidewalks should not be undermined if used by the public during 
construction, unless properly 
shored. 

Temporary walkways ex¬ 
tending past the curb lines 
should be substantial and pro¬ 
vided with protection at both 
ends and overhead, if needed. 

Pedestrian traffic should never 
be routed into the street, with¬ 
out protection. Walkways and 
passageways should be lighted 
if used during hours of dark¬ 
ness. 

Consult local ordinances be¬ 
fore commencing any operation 
that affects pedestrian traffic. 

Plank walkways should be 
built of lumber which is free of 
nails, large knot-holes, and splinters. Planking should be parallel to 



Art Wintle PhotSs 
Illustration 7-2 


Improper or inadequate shoring is worse 
than no shoring at all. Note cave-ins. 
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the movement of traffic and should be securely fastened down. Butt¬ 
joining should be used, to avoid tripping hazard. Exposed ends 
should be beveled. 

Raised walkways should be provided with steps or ramps if dif¬ 
ference in elevation exceeds 1". Ramps should he cleated if incline 
is steep. 

Pipes, hoses, power lines, etc., crossing sidewalks and walk¬ 
ways should be covered by troughs with bevelled edge boards. 

If trucks or other equipment are routed across walkways or into 
public thoroughfares, a signalman should be posted to direct traf¬ 
fic. Trucks and pedestrians 
should not be on walkway at 
the same time. 

7-3 PROPERTY PROTECTION 

Structures immediately ad¬ 
jacent to excavations should be 
braced to prevent settlement 
and lateral movement. Founda¬ 
tions should be protected 
against under mining and wash¬ 
out by rain or other water. 

Sidewalks, streets, alleys, 
and other pavements must be 
adequately braced, with con¬ 
sideration being directed to¬ 
ward moving traffic loads. 

7-4 GENERAL EXCAVATION 

Unsupported excavations can be made in most soils by sloping 
the sides of the cut at an angle equal to or smaller than the natural 
angle of repose, which varies with the nature and condition of 
the soil. 

For reasons of economy and right of way, most excavations 
cannot be sloped to this angle to provide stability, and must be shored. 



Caterpillar Tractor Co. 

Illustration 7-3 


Shovel operator should have clear view of 
all operating areas. If truck cab is not 
shielded, driver should stand clear while 
loading. 
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7-5 SHORING 

The judgment of a practical shoring engineer enters very largely 
into this type of work. Due to variable soil conditions, surcharge, 
vibration and other factors, it is one of the most difficult branches 
of construction to cover by means of definite rules. 

A competent person should be held responsible for frequent in¬ 
spection of shoring, and each workman should be instructed to 
report at once any indication of weakness. 

Care should be taken to see that sole pieces of shoring are on 
solid ground. Thawing of frozen ground under sole pieces of 
shoring has resulted in serious accidents. 

On diagonal bracing it is very important that adequate bearing 
is provided at the lower end to resist the thrust of the bank above. 

Shoring and walls should be protected against damage from 
swinging loads being hoisted. 

Vibration from machinery or traffic is dangerous. Special pre¬ 
caution should be taken to guard against damage from vibration 
of machinery in motion in adjoining buildings. 

Jacks should be inspected and known to be of sufficient strength 
for the load they are to carry before being placed in position, and 
workmen should be cautioned when using screw jacks to avoid the 
bar slipping and throwing them. The load should be properly cen¬ 
tered so the jack will not kick out. 

Workmen should not be allowed to work under an object sup¬ 
ported by jacks alone. Blocking should be carried forward with 
jacking in order to minimize hazards due to failure or slipping 
of jacks. 

7-6 GROUND WATER 

Ground water, where encountered, must be controlled. Freezing, 
pumping, electrolysis, and drainage are among the methods in cur¬ 
rent use, and should be employed under competent engineering direc¬ 
tion. Care must be exercised in connection with existing moisture 
balances in soils underlying existing foundations. Any disturbance 
to moisture content may result in subgrade movements possibly 
causing structural damage through settlement or other earth 
movement. 
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7-7 TRENCH CONSTRUCTION 


Trenching operations are common to many types of construction 
and maintenance projects, and are inherently dangerous. Due to the 
great exposure, numerous accidents in connection with trenching 
occur every year. A few simple precautions, if observed, can serve 
to take most of the risk out of trench construction. 

1. Shoring and/or bracing should be placed in every trench over 
six feet in depth, regardless of soil type, excepting solid rock, un¬ 
less banks are sloped. 

2. Shoring and bracing carried down with trench. 

3. Shoring and bracing in every trench, regardless of length of 
time trench will be open. 

4. All excavated materials placed a minimum of two feet back 
from edge of trench. 

5. No man working in the area of operation of any excavating 
machine. 

Men working in trenches should be separated to avoid being 
struck by fellow workmen’s tools; 12-foot spacing is recommended. 
All men should wear safety shoes, and should wear hard hats in 
trenches over 7 feet in depth. In trenches over 6 feet in depth, 
ladders should be provided at minimum 50 foot intervals. 


7 - 7.7 Bracing and Shoring 

All trenches over 6 feet in depth should be shored if the sides 
are not cut to the natural angle of repose of the surrounding mate¬ 
rial. Chart 1 lists typical timbering practice for trench construction. 

The bracing and shoring of trenches should be carried along 
with the excavation and should not be omitted. Where a backhoe 
or ditching machine is used, shoring should be placed as close as 
possible to the lower end of the boom. 

In loose hydraulic or otherwise unstable material the sides of all 
trenches should be secured by the use of well-braced solid sheet 
piling. All lumber used for sheet piling should be sound, straight, 
and of adequate dimensions. 
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7 - 7.2 Adjacent Loads 

Trenches should be treated in the same manner as any other 
excavation when considering the support of adjacent structures. 
Sidewalks and roadways must be supported, and traffic control must 
be provided where appropriate. Loading that may be added by the 
operation of excavating and backfilling equipment, and other ve¬ 
hicles, must be taken into account. 


7 - 7.3 Water Control 

Rain water and ground water may collect in trenches, and should 
be controlled through sump drainage, or by interception. Hydro¬ 
static pressure on sheet piling must be considered when designing 
for lateral loads to be carried. 


7.8 EXCAVATING EQUIPMENT 

Use care in locating equipment. Use mats or heavy planking on 
soft ground to distribute the load, and if equipment is placed on 
bank over excavation, install shoring and bracing to prevent cave-in. 

Workmen should stay clear of the swing of the bucket and of the 
cab. The bucket should not be swung over the men at work. It is 
important that all persons stay in the clear while the equipment is 
operating in order to avoid being struck by the swinging cab or by 
materials falling from the bucket or dipper. 

When the equipment is being operated no person should be in the 
cab other than the operator. The operator’s attention should not lie 
distracted by conversation with any other person. The operator 
should never leave the cab while the master clutch is engaged. 

Oiling should be done only when the equipment is at rest and the 
oiler should not climb out on the boom while the machine is being 
operated. The steps and ladder should be kept in good condition. 
No tools should be left lying on any part of the equipment as they 
may be a tripping hazard or may fall on persons standing nearby. 

Wire ropes, drums, and shackles should be inspected regularly 
and checked for wear. 
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Dipper stick and shovel, or bucket of other type equipment, should 
always be kept on the ground or on blocking when not being oper¬ 
ated so that it may not be accidently released. 

All gears and other moving parts of machinery should be pro¬ 
tected with suitable guards. 

Power should be cut off from all overhead electric wires within 
range of the shovel boom. Signs should be posted on the machine 
cautioning the operator against operating nearer than 10 feet to 
such lines. 

If equipment is electrically powered, see that wires are properly 
insulated and guarded so that workmen and vehicles cannot con¬ 
tact them. If equipment is gasoline or oil powered, care should be 
taken to guard against leaky feed lines and fuel storage tanks to 
avoid the danger of fire. 

Proper portable fire and first aid equipment should be installed in 
easily accessible places on the equipment. Operator and oiler 
should be instructed in their use. 

Emergency cans of gasoline should not be stored in the cab of 
equipment. 

When it is necessary to move equipment under electric transmis¬ 
sion wires, be sure that there is enough clearance and that it is not 
necessary to move or raise charged wires. 

7-9 RAMPS AND RUNWAYS 

Runways for shovels, tractors, bulldozers, etc., are subject to 
hard usage, and require frequent inspection and repair. See that 
they are built strong enough to carry the load and that proper pre¬ 
cautions are taken to prevent the vehicles from turning over. Guard 
rails or curbs should be placed along the edge of ramps. For one¬ 
way traffic, minimum width of 12 feet is recommended. Minimum 
of 22 feet is recommended for two-way traffic. 

In constructing ramps, it is advisable to leave spaces about 
three-fourths of an inch wide between the planks which form the 
roadway. Some of the mud and dirt will pass through the open¬ 
ings, and better traction for vehicles will be provided. 

Ramps should not slope more than 15 degrees. 
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7-10 SHAFTS 

In sinking shafts, the opening should be guarded by a suitable 
rail and toe board. Gates provided for access to the shaft should 
be kept closed and fastened when not in use. 

Where there is danger of materials falling into the shaft during 
sinking operations, shaft doors opening outward or upward should 
be provided. I hese doors should be kept closed at all times except 
when opened to permit the passage of equipment, material, or men. 
A strong barricade around the shaft opening may be substituted 
for the doors. 

When shafts are sunk in uncertain rock, or rock tends to spall, 
regular inspections should be made daily to check conditions. 

7-11 COFFERDAMS 

Sheet pile cofferdams should be carefully designed and should 
be built as designed. Makeshift design and construction present 
very serious hazards. Design and construction should be done by 
men trained and skilled in that type of work. The safety of the 
men is dependent upon this. 

Waters and braces should be designed and known to be of suf- 
ficient size and strength to withstand the pressure they will be sub¬ 
jected to. They should be suspended by wire rope slings run 
through the handling holes. 

Scabs should be bolted to the braces and not spiked, as braces often 
receive severe blows from the bucket used in the excavation. 

Where there is danger of the bottom of the sheeting moving in¬ 
ward when excavation is made, the top of the sheeting should be 
bound across by wire rope pulled taut by turnbuckles, or by a heavy 
tierod with take up nuts on the ends. 

Ample ladders, or other means of rapid exit should be provided 
for men working in cofferdams. A “Blow” may occur at any time. 
Men working in cofferdams should always wear hard hats. 

1 ools and loose lumber should never be placed on the walers 
or braces. They are liable to be knocked off and fall on men 
working below. 
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1. Engineering Aspects of Property Damage Prevention in Open 
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TABLE 7-12. TRENCH TIMBERING—SUGGESTED MINIMUM 
REQUIREMENTS 

I. Trenches from 4' to 10' in depth and not more than 42" in width. 

1. In hard, solid soil where no parallel excavations exist or have 
existed within 10 '. 

Uprights: 2" by 6" timbers spaced 6' center to center. 
Stringers: None 

Crossbraces: Two 2" x 6" timbers for depths under 7'. 

Three 2" x 6" timbers for depths 7' to 10'. 

2. In hard, solid soil where previous excavations have existed 
within 10 '. 

Uprights: 2" x 6" timbers spaced 4' center to center. 
Stringers: None 

Crossbraces: Two 2" x 6" timbers for depths under 7'. 

Three 2" x 6" timbers for depths 7' to 10'. 
(Instead of cross braces for each upright, 3" 
x 6" stringers may be used with substantial 
crossbraces spaced at horizontal sufficiently 
to give equivalent protection. In no case 
shall they be more than 6' center to center, 
and stringers must be properly supported by 
posts or cleats.) 

3. In hard, solid soil where previous excavations have existed 
unthin 5'. 

Uprights: 2" x 6" timbers spaced 3' center to center. 
Stringers: None. 

Crossbraces: Two 2" x 6" timbers for depths under 7'. 

Three 2" x 6" timbers for depths 7' to 10'. 

4. In soil that cracks easily , irrespective of previous excavation. 
Uprights: 2" x 6" timbers spaced 3' center to center. 
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Stringers: Two 2" x 6" timbers for depths under 7'. 

Three 2" x 6" timbers for depths under 7' to 10'. 
Crossbraces: Two 2" x 6" timbers for depths under 7'. 

Three 2" x 6" timbers for depths 7' to 10'. 
(Crossbraces shall be spaced not more than 
6' center to center.) 

5. In gravelly or filled ground, sand, or very zvet soil , irrespec¬ 
tive of previous excavation. 

Uprights: 2" close sheeting. 

Stringers: Two 4" x 6" timbers for depths under 7'. 

Three 4" x 6" timbers for depths 7' to 10'. 
Crossbraces: 4" x 6" timbers spaced horizontally not more 
than 6' center to center. 

(Instead of crossbraces for each upright, 3" 
x 6" stringers may be used as table previously 
specifies.) 

II. Trenches from 10' to 15' in depth and not more than 42" in 
width. 

1. In hard, solid soil where no parallel excavations exist or have 
existed zvithin 15'. 

Uprights: 2" x 6" timbers for depths under 13'. 

Stringers: None. 

Crossbraces: Three 2" x 6" timbers for depths under 13'. 

Four 2" x 6" timbers for depths 13' to 15'. 
(Instead of crossbraces for each upright, 3" 
x 6" stringers may be used as table previously 
specifies.) 

2. In hard, solid soil where previous excavations have existed 
within 10' to 15'. 

Uprights: 2" x 6" timbers spaced 3' center to center. 
Stringers: None. 

Crossbraces: Three 2" x 6" timbers for depths under 13'. 

Four 2" x 6" timbers for depths 13' to 15'. 

3. In hard, solid soil where previous excavations have existed 
zvithin 10'. 

Uprights: 2" x 6" timbers spaced 2' center to center. 
Stringers: None. 
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Crossbraces: Three 2" x 6" timbers for depths under 13'. 

Four 2" x 6" timbers for depths 12' to 15'. 
(Instead of crossbraces for each upright, 3" 
x 6 . stringers may be used as table previously 
specifies.) 

4. In soil that cracks easily, irrespective of previous excavation. 
Uprights: 2" x 6" timbers spaced 2' center to center. 
Stringers: 2" x 6" timbers spaced three in height of trench. 
Crossbraces: Three 2" x 6" timbers for depths under 13'. 

Four 2" x 6" timbers for depths 12' to 15'. 
(Crossbraces shall be spaced not more than 
6' center to center.) 

5. In gravelly or filled ground, sand, or very wet soil, irrespec¬ 
tive of previous excavation. 

Uprights : 2" x 6" close sheeting. 

Stringers: Three 4" x 6" timbers for depths under 13'. 

Four 4" x 6" timbers for depths 13' to 15'. 
Crossbraces: 4" x 6" timbers spaced horizontally not more 
than 6' center to center. 

III. Trenches over 15' in depth and not more than 42" in width. 

1. In soil of all kinds, irrespective of previous excavation. 
Uprights: 2" close sheeting. 

Stringers: 4" x 12" timbers spaced 4' center to center. 
Crossbraces: (Instead of crossbraces for each upright, 3" 
x 6 . stringers may be used as table previously 
specifies.) 

IV. Trenches from 4' to 10' in depth and more than 42" in width. 

1. In hard, solid soil, irrespective of previous excavation. 
Uprights: 2" x 6" timbers spaced 6' center to center. 
Stringers: 4" x 6" timbers spaced 4' center to center. 
Crossbraces: 4" x 6" timbers spaced horizontally 6' center 

to center. 

2. In soil likely to crack, irrespective of previous excavation. 
Uprights: 2" x 6" timbers spaced 3' center to center. 

Stringers: 4" x 6" timbers spaced 4' center to center. 
Crossbraces: 4" x 6" timbers spaced horizontally center to 

center. 
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3 . In gravelly or filled ground, sand, or very wet soil, irrespec¬ 
tive of previous excavation. 

Uprights: 2" x 6" close sheeting. 

Stringers: Two 4" x 6" timbers for depths under 7'. 

Three 4" x 6" timbers for depths 7' to 10'. 
Crossbraces: 4" x 6" timbers spaced horizontally 6' center 
to center. 

V. Trenches from 10' to 20' in depth and more than 42" in width. 

1. In soils of all kinds, irrespective of previous excavation. 
Uprights: 2" x 6" close sheeting. 

Stringers: 6" x 6" timbers spaced 4' center to center. 
Crossbraces: 6" x 6" timbers spaced horizontally 6' center 
to center. 

VI. Trenches more than 20' in depth and not more than 42" in 
width. 

1. In soils of all kinds, irrespective of previous excavation. 
Uprights: 2" x 6" close sheeting. 

Stringers: 6" x 8" timbers spaced 4' center to center. 
Crossbraces: 6" x 8" timbers spaced horizontally 6' center 
to center. 

VII. Trenches with Hydrostatic Pressure. 

1. Not more than 8' in depth, irrespective of previous excavation. 
Uprights: 2" x 6" tonque and groove close sheeting. 
Stringers: 6" x 8" timbers spaced 4' center to center. 
Crossbraces: 6" x 8" timbers spaced horizontally 6' center 
to center. 

2* More than 8 ' in depth, irrespective of previous excavation. 
Uprights: 3" x 6" tonque and groove close sheeting. 
Stringers: 8" x 10" timbers spaced 4' center to center. 
Crossbraces : 6" x 8" or 6" x 10" timbers spaced horizontally 
6' center to center. 
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SECTION 8 — BARRICADES 

8-1 BUILDING CONSTRUCTION 

8-1.1 Railings and Coverings 

Floor openings should be planked over or barricaded with sub¬ 
stantial railings as follows: 

Min. 2x4 Top rail 3'-6" above floor level. 

Min. 2x4 Intermediate rail, equidistant between top rail and 
floor. 

Toe board—minimum 1" x 6". 

Doorways and passageways used by workmen should be pro¬ 
tected from overhead dangers by suitable coverings. 

Barricades at drives, entrances, and other openings to keep pub¬ 
lic out. 

Openings to material hoists, elevator shafts, stairways and walk¬ 
ways should be closed by gate or other movable barricade. Toe 
guards should also be provided. 

Refer to Section 12, Hoists, Cranes and Derricks. 

8-1.2 Lighting 

All barricades and gates should be adequately lighted at all times. 

8-1.3 Removal of Barricades 

The unnecessary removal of any protective barricade should be 
prohibited. 

Temporary removal requires other safety control, such as the 
posting of a guard to direct traffic. Whoever removes a barricade 
should be responsible for replacement. 

Although continual replacement may be required, it is absolutely 
necessary and important for the prevention of accidents. 

8-2 HIGHWAY CONSTRUCTION 

Refer to Section 20, Highway Construction, for detailed sug¬ 
gestions on barricades, lighting, and other protection. 

June, 1958 


8-1 








National Safety Council 

Illustration 8-1 


Effective barricading of an excavation, routing of pedestrian traffic in roadway. 
The extremely neat construction shack reportedly encouraged good house¬ 
keeping on the job. 


8-3 PUBLIC PROTECTION 

Any type of construction which requires routing of passersby 
over sidewalks and streets must comply with local ordinances and 
laws. 

Platforms should have handrails and toe boards on street side, 
and a solid high fence on building side, with substantial overhead 
protection, if needed. 

Walkways should be smooth and even, with no projections or 
knot-holes which might cause tripping. A ramp is advisable at 
each end, with cleats, or non-slip surface. 

Passageways should be well lighted, with red lights lighted at 
each end. 

If equipment crosses walk, traffic should be directed, and fre¬ 
quent inspection of walkway made. 
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SECTION 9 - EXPLOSIVES 

9-1 GENERAL 

I he transportation, storage, handling, and use of explosives are 
subject to numerous hederal, state, and local laws and regulations, 
which should be consulted before any action is taken. The handling 
and use of explosive compounds and accessory devices should be 
further governed by the instructions of the manufacturer. 

A large contracting firm with a long record of blasting opera¬ 
tion publishes a blasting safety manual, used by all employees, which 
includes these three general rules: 


“Absolutely Forbidden 

1. The use or possession of intoxicants on or around the job. 

2. I lorseplay or practical jokes. They can lead to bad accidents. 

3. Smoking or the use of open lights wherever dangerous.” 

9-2 BLASTING RECORDS 

1 wo types of blasting records have proven of value to contrac¬ 
tors, especially in determining possible liability for blast damage: 

1. A blasting record for each blast, including (a) date of blast 
(b) time of blast, (c) number of holes, (d) type of explosive used, 
(e) number of delays, (f) amount of charge per delay, (g) stem¬ 
ming, (h) number and type of caps. A sketch of the location is 
often attached to this report, illustrating the firing pattern and 
sequence. 

2. An inventory of all explosives received, placed in, removed 
from and returned to storage magazines maintained current at all 
times. 


9-3 PERSONNEL 

1 he best possible safety device on any job is a competent, ex¬ 
perienced man in charge of operations. This applies particularly to 
explosives since, as a general rule, the fewer men there are handling 
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them the safer the work will be. Magazines and handling points 
should have one man in charge, and no one else should be allowed 
to receive or issue explosives or detonators. 

Men who handle explosives should be picked for their intelli¬ 
gence, experience and sound judgment and they should understand 
explosives—what is safe to do with them and what is dangerous—a 
kind of knowledge that is gained primarily by experience supple¬ 
mented by printed information on the subject. Men who habitually 
take chances should never be used on this type of work. 

9-4 TRANSPORTATION 

Explosives generally are delivered to the consumer’s magazine or 
job site by the supplier. When the contractor transports explosives, 
the vehicle should be substantial, strong, in first-class working order, 
equipped with a tight floor of nonsparking material (such as alumi¬ 
num alloy), and either provided with sides and ends sufficiently 
high to prevent the explosives from falling off. or equipped with a 
closed body. All sparking metal in the body likely to come in con¬ 
tact with explosives should be covered with wood or other non¬ 
sparking material. Before undertaking the transportation of ex¬ 
plosives, all Federal, state, and local regulations that apply should 
be consulted. 

Explosives should not be carried in the same vehicle with detona¬ 
tors unless the detonators are carried in a separate approved con¬ 
tainer in the cab of the truck, providing no conflict with existing 
codes or laws would result. 

Trucks carrying explosives should be inspected before such use 
and equipped with not less than two carbon tetrachloride fire ex¬ 
tinguishers in good order. Explosives should not be transported 
in any type of trailer, except semi-trailer, nor should any trailer be 
attached to a vehicle hauling explosives. 

If an open-bodied truck is used, the entire load should be com¬ 
pletely covered with a fire and water resistant tarpaulin to protect 
it from the weather and from sparks from passing locomotives or 
other sources. 

Vehicles carrying explosives should not be loaded beyond the 
manufacturer’s safe capacity rating, and in no case should the ex¬ 
plosives be piled higher than the closed sides and ends of the body. 
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In transporting explosives, congested traffic should be avoided, 
where possible, and no unnecessary stops made. Do not stop at a 
filling station, garage, or repair shop while explosives are being 
carried if it can possibly be avoided. 

The location of the batteries and the wiring on vehicles trans¬ 
porting explosives should be such that neither will come in contact 
with the explosives, and all wiring should be completely insulated 
and securely fastened, so as to prevent short-circuiting and fire. 

To reduce fire hazard and risk of explosion, the truck engine, 
pan, chassis, and body should be kept clean and free from surplus 
oil and grease. 

Vehicles used for the transportation of explosives should have 
signs or placards on each side and each end, with the word “EX¬ 
PLOSIVES” in letters complying with state requirements, but in 
no case less than 6" high, or display a red flag 24 inches square, 
marked with the word “DANGER” in white letters, not less than 
6” high. Each vehicle should be provided with three red flags with 
stands and with three electric flares or reflectors to be used for 
emergency stops on the highway. 

Smoking should be prohibited on a vehicle carrying explosives. 

Metal, metal tools, carbide, oil, matches, firearms, electric stor¬ 
age batteries, inflammable materials, acids, and oxidizing or cor¬ 
rosive compounds should not be carried in a vehicle containing 
explosives. 

9-5 HANDLING AND STORAGE 

Responsibility for the safe handling of explosives begins with 
the transfer of explosives from the railroad car, the manufacturer’s 
or dealer’s magazine, or the supplier’s truck into the possession of 
the user. In the case of carload shipment, the contents should be 
inspected for damage immediately upon arrival. Rough handling 
in transit may break open the containers in which explosives are 
packed so that there will be loose explosives between containers 
and on the floor. 

Smoking should be prohibited while handling explosives or while 
working close to them. This applies not only to unloading but at 
all stages of explosives work. 
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DISTANCES IN FEET 


DISTANCES IN FEET 

EXPLOSIVES 

WHEN STORAGE IS BARRICADED 

EXPLOSIVES 

WHEN STORAGE IS BARRICADED 


Pounds 

Over 

Pounds 

Not 

Over 

In¬ 

habited 

Build¬ 

ings 

Pas¬ 

senger 

Railways 

Public 

High¬ 

ways 

Sepa¬ 

ration 

of 

Maga¬ 

zines 

Pounds 

Over 

Pounds 

Not 

Over 

In¬ 

habited 

Build¬ 

ings 

Pas¬ 

senger 

Railways 

Public 

High¬ 

ways 

Sepa¬ 

ration 

of 

Maga¬ 

zines 

2 

5 

70 

30 

30 

6 

700 

800 

375 

150 

150 

33 

5 

10 

90 

35 

35 

8 

800 

900 

390 

155 

155 

35 

10 

20 

110 

45 

45 

10 

900 

1,000 

400 

160 

160 

36 

20 

30 

125 

50 

50 

11 

1,000 

1,200 

425 

170 

165 

39 

30 

40 

140 

55 

55 

12 

1,200 

1,400 

450 

180 

170 

41 

40 

50 

150 

60 

60 

14 

1,400 

1,600 

470 

190 

175 

43 

50 

75 

170 

70 

70 

15 

1,600 

1,800 

490 

195 

180 

44 

75 

100 

190 

75 

75 

16 

1,800 

2,000 

505 

205 

185 

45 

100 

125 

200 

80 

80 

18 

2,000 

2,500 

545 

220 

190 

49 

125 

150 

215 

85 

85 

19 

2,500 

3,000 

580 

235 

195 

52 

150 

200 

235 

95 

95 

21 

3,000 

4,000 

635 

255 

210 

58 

200 

250 

255 

105 

105 

23 

4,000 

5,000 

685 

275 

225 

61 

250 

300 

270 

110 

110 

24 

5,000 

6,000 

730 

295 

235 

65 

300 

400 

295 

120 

120 

27 

6,000 

7,000 

770 

310 

245 

68 

400 

500 

320 

130 

130 

29 

7,000 

8,000 

800 

320 

250 

72 


500 

600 

340 

135 

135 

31 

8,000 

9,000 

835 

335 

255 

75 

600 

700 

355 

145 

145 

32 

9,000 

10,000 

865 

345 

260 

78 


NOTE 1—“Explosives'* means any chemical compound, mixture, or device, the primary or common purpose of 
which is to function by explosion, i.e., with substantially instantaneous release of gas and heat, unless such com¬ 
pound, mixture, or device is otherwise specifically classified by the Interstate Commerce Commission. 

NOTE 2—“Magazine" means any building or structure, other than an explosives manufacturing building, used for 
the permanent storage of explosives. 

NOTE 3—“Natural Barricade" means natural features of the ground, such as hills, or timber of sufficient density 
that the surrounding exposures which require protection cannot be seen from the magazine when the trees are 
bare of leaves. 

NOTE 4—“Artificial Barricade" means an artificial mound or revetted wall of earth of a minimum thickness of 
three feet. 

NOTE 5—"Barricaded" means that a building containing explosives is effectually screened from a magazine, 
building, railway, or highway, either by a natural barricade, or by an artificial barricade of such height that a 
straight line from the top of any sidewall of the building containing explosives to the eave line of any magazine, 
or building, or to a point twelve feet above the center of a railway or highway, will pass through such interven¬ 
ing natural or artificial barricade. 

NOTE 6—When a building containing explosives is not barricaded, the distances shown in the Table should be 
doubled. 

NOTE 7—■"Inhabited Building" means a building regularly occupied in whole or in part as a habitation for 
human beings, or any church, schoolhouse, railroad station, store, or other structure where people are accustomed 
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DISTANCES IN FEET DISTANCES IN FEET 

EXPLOSIVES WHEN STORAGE IS BARRICADED EXPLOSIVES WHEN STORAGE IS BARRICADED 


Pounds 

Over 

Pounds 

Not 

Over 

In¬ 

habited 

Build¬ 

ings 

Pas¬ 

senger 

Railways 

Public 

High¬ 

ways 

Sepa¬ 

ration 

of 

Maga¬ 

zines 

Pounds 

Over 

Pounds 

Not 

Over 

In¬ 

habited 

Build¬ 

ings 

Pas¬ 

senger 

Railways 

Public 

High¬ 

ways 

Sepa¬ 

ration 

of 

Maga¬ 

zines 

10,000 

12,000 

875 

370 

270 

82 

85,000 

90,000 

1,760 

720 

530 

175 

12,000 

14,000 

885 

390 

275 

87 

90,000 

95,000 

1,790 

730 

540 

180 

14,000 

16,000 

900 

405 

280 

90 

95,000 

100,000 

1,815 

745 

545 

185 

16,000 

18,000 

940 

420 

285 

94 

100,000 

110,000 

1,835 

770 

550 

195 

18,000 

20,000 

975 

435 

290 

98 

110,000 

120,000 

1,855 

790 

555 

205 

20,000 

25,000 

1,055 

470 

315 

105 

120,000 

130,000 

1,875 

810 

560 

215 

25,000 

30,000 

1,130 

500 

340 

112 

130,000 

140,000 

1,890 

835 

565 

225 

30,000 

35,000 

1,205 

525 

360 

119 

140,000 

150,000 

1,900 

850 

570 

235 

35,000 

40,000 

1,275 

550 

380 

124 

150,000 

160,000 

1,935 

870 

580 

245 

40,000 

45,000 

1,340 

570 

400 

129 

160,000 

170,000 

1.965 

890 

590 

255 

45,000 

50,000 

1,400 

590 

420 

135 

170,000 

180,000 

1,990 

905 

600 

265 

50,000 

55,000 

1,460 

610 

440 

140 

180,000 

190,000 

2,010 

920 

605 

275 

55,000 

60,000 

1,515 

630 

455 

145 

190,000 

200,000 

2,030 

935 

610 

285 

60,000 

65,000 

1,565 

645 

470 

150 

200,000 

210,000 

2,055 

955 

620 

295 

65,000 

70,000 

1,610 

660 

485 

155 

210,000 

230,000 

2,100 

980 

635 

315 

70,000 

75,000 

1,655 

675 

500 

160 

230,000 

250,000 

2,155 

1,010 

650 

337 

75,000 

80,000 

1,695 

690 

510 

165 

250,000 

275,000 

2,215 

1,040 

670 

360 

80,000 

85,000 

1,730 

705 

520 

170 

275,000 

300,000 

2,275 

1,075 

690 

385 


to assemble, except any building or structure occupied in connection with the manufacture, transportation, stor¬ 
age, or use of explosives. 

NOTE 8—“Railway” means any steam, electric, or other railroad or railway which carries passengers for hire. 
NOTE 9—“Highway" means any public street or public road. 

NOTE 10—When two or more storage magazines are located on the same property, each magazine must comply 
with the minimum distances specified from inhabited buildings, railways, and highways, and in addition, they should 
be separated from each other by not less than the distances shown for “Separation of Magazines," except that 
the quantity of explosives contained in cap magazines shall govern in regard to the spacing of said cap 
magazines from magazines containing other explosives. If any two or more magazines are separated from each 
other by less than the specified “Separation of Magazines" distances, then such two or more magazines, as a 
group, must be considered as one magazine, and the total quantity of explosives stored in such group must be 
treated as if stored in a single magazine located on the site of any magazine of the group, and must comply 
with the minimum of distances specified from other magazines, inhabited buildings, railways, and highways. 

NoTE 11—The Institute of Makers of Explosives does not approve the permanent storage of more than 300,000 
pounds of commercial explosives in one magazine or in a group of magazines which is considered as one magazine. 

NOTE 12—This Table applies only to the manufacture and permanent storage of commercial explosives. It is 
not applicable to transportation of explosives, or any handling or temporary storage necessary or incident 
thereto. It is not intended to apply to bombs, projectiles, or other heavily encased explosives. 

NOTE 13—All types of blasting caps in strengths through No. 8 cap should be rated at 1 Vi pounds of 
explosives per 1,000 caps. For strengths higher than No. 8 cap, consult the manufacturer. 
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Containers should always be lifted and set down carefully, never 
slid over one another, nor dropped from one level to another. Bale 
hooks or any other metal tools should never be used in handling ex¬ 
plosives. 

Explosives should be stored in properly constructed fire and bul¬ 
let resistant buildings located according to American Table of Dis¬ 
tances and kept locked at all times except when opened for use by 
an authorized person. Explosives should not be left, kept, or 
stored where children, unauthorized persons, or animals have access 
to them. Every year a number of children are injured or killed by 
explosives or detonators that have been left where they can get them. 

One of the most important and effective safety measures is to 
provide a dry, well ventilated place for the storage of explosives. 
Dampness or excessive humidity may be the cause of misfires result¬ 
ing later in injury or loss of life. Complete plans for the construc¬ 
tion of permanent or temporary magazines may be obtained from 
the Institute of Makers of Explosives, 250 East 43d Street, New 
York 17, New York, by requesting Pamphlet No. 1. 

Detonators should be stored in a separate magazine located ac¬ 
cording to the American Table of Distances. DETONATORS 
SHOULD NEVER BE STORED IN THE SAME MAGAZINE 
WITH ANY OTHER KIND OF EXPLOSIVES. 

A complete detailed inventory of all explosives received, placed 
in. removed from, and returned to the magazine should be main¬ 
tained at all times. 

The following table is approved by the Institute of Makers of 
Explosives for use in locating explosives magazines. It should be 
noted that all distances given in the table are based on explosive 
storage in buildings protected by natural or artificial barricades. If 
this barricading is not present, the distance should be doubled. The 
Institute also points out that the distances given in the table are not 
in any way to supersede distances prescribed by Federal, state or 
local ordinance or regulation. 

Manufacturer’s instructions for the safe handling and storage 
of explosives are, ordinarily, enclosed in each case of explosives, 
and should be carefully followed. 
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Wooden cases containing explosives should be opened with a 
wooden wedge and mallet. No kind of metal tool should be used 
for this purpose. Cases of explosives should not be opened in a 
magazine. 

Matches should not be carried, or smoking allowed, in or around 
magazines or vehicles containing explosives or detonators. If 
artificial light is necessary, use only Bureau of Mines type approved 
electric flashlights or electric lanterns. 

Explosives detonators and accessories should be so stored in 
magazines that the oldest stock will be used first. 

Magazines and roads leading to them should be clearly marked 
with appropriate caution and danger signs. Signs should be so 
located that a bullet passing through the face of the sign will not 
strike the magazine. 

Cases of high explosives should be stored right side up so that 
cartridges are lying flat and not standing on end. Cases should not 
be piled in stacks higher than 6 feet. 

Cases that have contained explosives should be destroyed by 
burning at an isolated location out of doors; and no person should 
be nearer than 100 feet after the burning has started. 

Shoes with nails or metal plates that may possibly cause sparks 
should not be worn in magazines or around explosives. 

Blasting caps should not be carried loose in the pockets of clothes; 
insulated containers are made for this purpose and should be used. 

9-6 DRILLING AND LOADING 

Holes should be of greater diameter than the cartridges being 
used. 

Drilling should not be carried on closer than 25 feet from holes 
being loaded in the area. 

Check bore hole with wooden rod or tape measure to determine 
condition before loading; also make certain the hole contains no 
hot material of any kind, particularly broken drill bits. 

Carefully examine the face or rock for possible unfired explosives 
before drilling. Do not drill, pick, or bore in butts of old holes. 
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even if examination fails to reveal explosives remaining therein. 
Drill and shoot at a safe distance from misfired charges. 

It is recommended that electric firing, or electric and detonating 
fuse firing be used wherever possible. 

Don’t handle, use, or be near explosives or detonators during the 
approach or progress of any electrical storm. All persons should 
retire to a place of safety. 

Always consider the manufacturer’s recommendations in select- 
ing the grade or kind of explosive and type of detonator, and use 
the least amount of proper strength explosive that will effectively 
do the job. 

Explosives and detonators should be kept apart until the last 
possible moment. Whenever feasible, they should be transported 
in separate vehicles or carried by different men. 

Safety fuse should be stored and handled with care. Fuse that 
has been exposed to dampness, extreme temperatures (particularly 
heat), oil, gasoline, or distillates is very likely to be damaged and 
to cause misfires. Fuse stored in dry buildings where the tempera¬ 
ture ranges from 45 to 75 degrees F„ will remain in good condi¬ 
tion for a considerable period of time. 

Drill holes should be made ready before explosives are brought to 
the site. The operations of priming, charging, stemming and 
firing should be carried on with as few men as possible and as 
rapidly as is consistent with careful work. 

No holes should be loaded except those that are to be fired in the 
next round of blasting. Holes loaded during one shift should be 
fired during that shift whenever possible, and no loaded holes 
should be left unattended overnight or until the next shift. 

Primers should be made up in a safe area, away from the maga¬ 
zine, and only as required for immediate use. Cap crimpers of 

proper design should be used for crimping blasting caps onto fuse_ 

not the teeth or a knife. 

To reduce the chances of a misfire, the detonator should be com¬ 
pletely inserted lengthwise in the cartridge, fastened in such a 
manner that it cannot be accidentally pulled out, and so that the 
fuse or cap wires are not subjected to any strain. 
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When using electric firing in large diameter holes each electric 
detonator should be tested with a blasting galvanometer before it is 
placed in a primer cartridge and again after the primer has been 
placed in the hole and the hole is tamped. After the latter test, 
the leg wires should be short-circuited by twisting the ends together 
and should remain so until ready to be connected into the firing 
circuit. When using small diameter holes that can be reprimed in 
case of a broken circuit, the shunt should not be removed until the 
cap is connected into the firing circuit which should then be tested 
with a galvanometer. 

Before loading a bore hole after springing (enlarging the hole 
with explosives) or upon completion of drilling, make certain that 
it is cool and does not contain any hot metal or burning or smolder¬ 
ing material. Temperatures in excess of 150° F. are dangerous. 

9-7 TAMPING 

Unless it is positively necessary, dynamite should not be removed 
from the cartridge, but if this is done, loose dynamite should not 
be tamped. * * 

Use only wood tamping tools with no metallic parts excepting 
nonsparking metal connectors for sectional poles. Do not tamp 
harder than necessary to insure firm loading. Never tamp the 
primer. 

Explosives should be confined to the bore hole with sand, earth, 
clay, or other suitable noncombustible material. Stemming should 
be moist enough to retain shape when molded in the hand. 

Care should be exercised to avoid kinking or injuring fuse, 
detonating fuse, or cap wires during tamping. 

9-8 WARNING SIGNALS AND TRAFFIC CONTROL 

Standard signals which indicate that a blast is about to be fired 
and later signalling all clear have been adopted by many contractors. 
It is important that everyone working in the area be familiar with 
these signals, if used, and that they are promptly obeyed. 

Signs for the benefit of the general public are advised, notifying 
them of the nature and type of warning signals used. Use of this 
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type sign may help to minimize public liability claims often result¬ 
ing from blasting operations. 

Several explosives manufacturers provide notion picture films 
and slide films suitable for display to the public which are also 
considered useful in warning the public and adjacent property 
owners of the proposed blasting. Posters and literature for dis¬ 
tribution are also available. 

One contractor follows this procedure; (1) a signal five minutes 
before the blast; (2) a second signal one minute before the blast; 
and (3) a third signal after inspection of the shot. The first 
warning is a signal to certain designated personnel to warn all per¬ 
sons in the area that a blast is about to take place and to order all 
persons out of the danger zone. At the same time, competent men, 
equipped with red flags, are posted at all possible approaches to the 
blasting area to stop traffic. 

No traffic is allowed to move in the area nor is any person al¬ 
lowed to enter the blasting zone until the all-clear sounds. 

9-9 PNEUMATIC LOADING 

Only non-cap-sensitive blasting agents should be loaded with 
pneumatic equipment. Consult the manufacturer for specific 
recommendations. 

9-10 FIRING 

After loading is completed, there should be as little delay as 
possible before firing. 

Each blast should be fired under the direct supervision of the 
blaster, who should inspect all connections before firing and who 
should personally see that all persons are in the clear before giving 
the order to fire. 

Blasting mats should be used where there is danger of rocks being 
thrown into the air or where there are buildings or transportation 
systems nearby. 

9-11 ELECTRICAL FIRING 

In electrical firing, it is important that the rack bar of a generator 
type blasting machine be pushed down with force and speed. The 
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faster the rack bar is pushed down the more current flows through 
the circuit at the end of the stroke. Careful observance of this fact 
will prevent many misfires. Other types of portable blasting ma¬ 
chines should be stored, used, and maintained in conformance with 
the manufacturers instructions. 

When firing by electricity from power or lighting wires, a switch 
should be provided with the lever down when in the “Off” position. 
There should be a positive break in the line on the power side of the 
switch that will reduce the chances of premature firing from leak¬ 
age, stray current, or lightning. This gap should be closed with a 
jumper cable for firing blasts. The switch should be fixed in a 
locked box, the key to which should be kept by the blaster in charge 
of operations. 

The following ten rules for avoiding trouble in electrical firing 
are recommended: 

1. Make good, tight electrical connections. 

2. Be sure there are no short circuits or breaks in the leading 
wires. 

3. Be sure there is sufficient current to fire all the electric blast¬ 
ing caps in the circuit. 

4. Make series connections when firing with a blasting machine, 
or use parallel series following the recommendations of the 
manufacturer. 

5. Make sure the blasting machine is in good order and of suf¬ 
ficient capacity to fire all the electric blasting caps connected 
in the circuit. Test it with a rheostat. 

6 Operate a generator type blasting machine a few times before 
making connections. This will test the action and prepare it 
for the generation of maximum capacity. 

7. Always operate a generator type blasting machine with maxi- 
mum force. 

8. Do not use electric detonators or delay electric detonators 
from different manufacturers in the same blast. 

9. Be careful not to damage the insulation of cap wires when 
tamping charges. 
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10. lake ample time to check the wiring and connections before 
firing. Test any circuit of electric detonators with a blast¬ 
ing galvanometer and see that the resistance is correct before 
attempting to fire. 


9-12 RADIO FREQUENCY ENERGY 

Radio, television, and radar transmitters create fields of elec¬ 
trical energy that can, under exceptional circumstances, detonate 
electric blasting caps. The Institute of Makers of Explosives 
recommends that the following minimum distances be maintained 
between the nearest transmitter and electric blasting caps: 


tor All Except FM Mobile Type Transmitters 


Transmitter Power 
(Watts) 

5-25 

25-50 

50-100 

100-250 

250-500 

5C0-1000 

1000-2500 

2500-5000 

5000-10,(00 

10,000-25.000 

25,000-50.000 

50,000-100,000 


Minimum Distance 
(Feet) 

100 

150 

220 

350 

450 

650 

1000 

1500 

2200 

3500 

5000 

7000 


For FM Mobile Transmitters 


Transmitter Power 
(Watts) 

1-10 

10-30 

30-60 

60-250 


Minimum Distance 
(Feet) 

5 

10 

15 

30 


A complete analysis of the radio frequency hazard is contained 
m Pamphlet No.- 20 (Rev.), published by the Institute of Makers 
of Explosives, and available from your supplier of explosives 
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9-13 FUSE FIRING 


I lanclle fuse carefully to avoid damaging the covering. In cold 
weather warm slightly before using to avoid cracking the water¬ 
proofing. 

Use fuse of sufficient length, never less than two feet. 

Don’t cut fuse until you are ready to insert it into a blasting cap. 
Cut off an inch or two to insure a dry end. Cut fuse squarely 
across with a clean sharp blade. Seat the fuse lightly against the 
cap charge and avoid twisting after it is in place. 

Caps should be crimped only with a tool designed for the pur¬ 
pose, and should be fastened securely to the fuse. 

Fuse should be lighted with a lighter designed for this purpose. 
If a match is used for lighting, slit fuse end, insert match head, and 
ignite by rubbing with proper abrasive. Do not ignite until sufficient 
stemming has been placed to prevent sparks or flying match heads 
from contacting explosive. Never hold explosives in the hand 
while lighting the fuse. 

9-14 MUDCAPPING 

Mudcapping—also called dobying, blistering, pasting, and various 
other names depending on geographical locations—is the method for 
breaking boulders and loose rock by firing a charge of high velocity 
dynamite on the surface of the rock with no other confinement than 
a few shovelsful of mud, sand, or loam. This method creates a ter¬ 
rific air blast and is likely to cause complaints in settled com¬ 
munities. 

The explosive should be placed on the boulder at the place where 
the rock would be struck with a hammer were it possible to break it 
that way. This may be on the top or the side. If the boulder is 
embedded in the ground, a snakehole shot, under but immediately 
against the bottom of the boulder, should be made to roll it out 
on the surface, because the confining dirt makes it much harder to 
break with a mudcap shot. The mud covering should be as thick 
as it is convenient to make it, not less than 5 or 6 inches thick, and 
free from stones, as the blast will throw them as though they were 
bullets. Never lay a stone on top of the mud for the same reason. 





When a mudcap shot contains two or more charges they should be 
fired instantaneously with electric blasting caps or with detonating 
fuse. 

9-15 INSPECTION AFTER FIRING 

Immediately after the blast, the leading wires should be discon¬ 
nected from the blasting machine or power source, and short-cir¬ 
cuited. 

An inspection should be made to determine if all the charges have 
been exploded. All wires should be traced and the search for un¬ 
exploded cartridges made by the person in charge of the blasting 
operation. There should be no hurry in checking for unfired 
charges—take time for a thorough search. 

Loose pieces of rock and other debris should be scaled down from 
the face before proceeding with the work. 

9-16 MISFIRES 

There is no absolutely safe method for handling misfires. Most 
misfires can be prevented by the proper use of high-grade blasting 
supplies, by testing each electric cap with a blasting galvanometer 
before loading, or by testing the complete circuit before firing the 
blast. 

Working on or near a missed charged is the most hazardous 
operation connected with blasting. Investigation and correction of 
the trouble should be left to a careful, experienced man who should 
be allowed to carry on his work in a methodical manner and with¬ 
out interference. 

If throw of rock can be tolerated, the safest way to dispose of a 
misfire is to shoot it. If electric blasting caps are used, be sure to 
disconnect the lead wires from the source of power before return¬ 
ing to the blast. If the leg wires are accessible, test the cap with a 
blasting galvanometer and if it shows a circuit, connect it up and 
attempt to fire it in the usual manner. This will work if the trouble 
was caused by a faulty connection. If the shot fails again, if the 
wires cannot be reached, or if caps and fuses are being used, try to 
shoot the hole with a fresh primer. If this also fails, the stemming 
should be removed, a new primer inserted, and then fired. 
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The Blaster’s Handbook of the du Pont Company states that the 
least dangerous method is to wash out the stemming by means of a 
powerful water jet. The pipe inserted in the hole should be rubber 
or approved plastic to avoid detonating the charge. When the 
stemming has been thus removed, if the explosive is water resistant, 
a new primer may be placed, stemmed and the charge fired. 

For more complete instructions regarding this and other methods 
of removing stemming, the reader is referred to “The Blaster’s 
Handbook,” published and sold by the E. I. du Pont de Nemours 
Company, Wilmington, Delaware, or Institute of Makers of Ex¬ 
plosives Pamphlet No. 17 entitled “Safety in the Handling and Use 
of Explosives” available from your supplier. 

9-17 DISPOSAL OF EXPLOSIVES 

It is sometimes necessary to dispose of explosives which are 
unused, or have deteriorated, or were spilled from containers in 
handling. Whatever the reason or condition of the explosive ma¬ 
terial, do not under any circumstances abandon any explosives. 



Mudcapping, a quick and simple method of cracking a boulder, should be used 
only where the noise and concussion will not disturb nearby inhabited buildings, 
and then only if drilling equipment is not available. 
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If large quantities of explosives must be destroyed, if experienced 
and competent men are not available for the work, or if there is 
any question about the undertaking, disposal should be deferred 
until a representative of the United States Bureau of Mines or of 
an explosives manufacturer has been consulted. Pamphlet No. 21, 
“How to Destroy Explosives,” published by the Institute of Makers 
of Explosives, deals with this subject in detail and is available from 
your supplier of explosives. 

Wood, paper, fiber, or other materials used in packing explosives 
should not be burned in a stove, fireplace, or other confined space. 
Burn such material at an isolated outdoor location, permitting no 
person to approach within 100 feet after the burning has started. 

9-18 DYNAMITE CAPS 

Injuries to workmen and the general public, especially children, 
often result from careless handling of dynamite caps which have 
been left unprotected at or near the worksite. The most effective 
answer to this problem is careful handling of and accounting for 
all explosives and accessories issued. 

Posters and films are available from the Institute of Makers of 
Explosives suitable for public display, warning of the dynamite 
cap danger. 

9-19 AMMONIUM NITRATE 

Ammonium Nitrate (NH4NO3) has been used as an ingredient 
in explosives for many years. More recently extensive use of this 
product as an explosive without compounding has been made. 

Ammonium nitrate is relatively insensitive to shock, and if not 
tightly confined or exposed to high heat, is safe to handle. How¬ 
ever, the very factors which contribute to the safety of this material 
constitute a source of danger, as workmen may tend to become care¬ 
less in handling and using it. It should be remembered that when 
it does explode it is no different in effect from other explosives. 

Some basic safety recommendations are : 

a. Ammonium nitrate should be handled in much the same man¬ 
ner as gasoline. This means that under normal circumstances 
and with due care, the material is safe to handle. 
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b. Under conditions of extreme heat (several hundred degrees 
P.) confinement, or open flame, ammonium nitrate can be 
dangerous. 

c. Ammonium nitrate is not particularly flammable, but burns 
intensely when set on fire. 

d. Storage buildings should be well ventilated. 

e. It should never be confined in a building capable of confining 
gas, such as stone or concrete building with small windows. 

f. Avoid contamination with materials not recommended for 
admixture by the manufacturer. 

g. The dangerous mass limit is slightly over 100 tons. There¬ 
fore stock should be segregated into units of 40 or 50 tons or 
less for storage. 

h. Toxic oxides of nitrogen are produced when the material 
burns. An overhead sprinkler system is advisable for fire con¬ 
trol in storage areas. 

i. Flooding with water is the most effective way of fighting fire, 
as this explosive contains its own oxygen supply. 

j. Keep loose nitrate from broken bags swept up. Dust is 
flammable. 

References 

Institute of Makers of Explosives, 250 E. 43rd St., New York, 
N. Y. 

Pamphlet No. 21, “How to Destroy Explosives” 

“Do’s and Don’t—Instructions and Warnings in Using, Trans¬ 
porting, Handling and Storing Explosives” 

Safety in the Handling and Use of Explosives 

Pamphlet No. 20, Radio Frequency Energy Hazard 

Pamphlet No. 1, Standard Storage Magazines. 

Bulletin on Ammonium Nitrate, published by Manufacturing 
Chemists’ Association, 1625 Eye St., N. W., Washington 6, D. C. 
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SECTION 10-PILE DRIVING 

10-1 PILES 

70 - 7.7 Storage 

The suggestions set forth in Section 6, Handling and Storage of 
materials should be studied when laying out pile storage yards. 

Round timber piles should be heaped in stable pyramids. Use 
caution when moving piling from stacks to avoid collapse and in¬ 
jury to workmen. All men should be clear before piling is lifted 
or rolled from a stack. 

70 - 7.2 Handling 

Heavy gloves, safety shoes, and hard hats should be worn by all 
men handling piles. 

Shin and foot guards should be worn in addition when trimming 
or pointing with axes. “Headers” should be working far enough 
apart to avoid injury from swinging axes or flying chips. 

70 - 7.3 Unloading Cars by Winch 

Steel or wood skids strong 
enough to support the piling 
should be placed from car floor 
to the ground. 

A tractor with double drum 
hoist or winch is recommended 
for unloading. Two wire ropes 
should be run from the winch 
over and under the upper half 
of the load. Anchor end 
hooks of the wire rope to the 
car. 

Remove some of the car 
stakes on the unloading side of 
the car. Partially cut each re¬ 
maining stake directly above 
intermediate cross tie wires. 

Cross tie wires should be 
cut only from side of car op¬ 
posite unloading side, never 



Corps of Engineers 

Illustration 10-1 

Shin and foot guards worn by header. 
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from the unloading side or from atop the load. Use long-handled 
cutter, operated from the ground, and keep all men in the clear. 

Unloading from flat cars or other transport should be done by 
experienced workers under competent supervision. 

Clear unloading area of scrap, wire, car stakes and other material. 

Using a rolling hitch, piles will roll easily down car skids, and 
only a few workmen are needed for the operation. Only those en¬ 
gaged in unloading operations should be permitted in the area. 

After unloading upper half of pile, repeat operation for the 
lower half. 

70 - 7.4 Hand Unloading 

When piles are unloaded by hand, securely fasten a ^4 inch or 
larger manila rope to the tops of at least four side stakes on the 
unloading side of the car, and lash to the corresponding stakes on 
the opposite side of the car with at least three full turns. These 
ropes should be at least 25 feet long, so that the free ends can be 
held taut by men on the ground opposite the unloading side. After 
the cross tie wires have been cut, the ends of these lines should be 
carried around the ends of the car. 

Unloading should be carried out as follows: 

1. Cut side stakes about 1/3 through just above the intermediate 
cross tie wires. 

2. Cut cross tie wires across the top of the load from the side 
opposite unloading side, beginning at the center of the car and work¬ 
ing toward the ends. 

3. Release with caution the strain on the temporary manila rope 
lashings, held by men on the ground. 

The weight of the load should break the stakes and allow the piles 
to roll down skids to the ground. 

If the weight of the piles is not sufficient to break the stakes, 
carry the ends of the ropes around the ends of the car, and put 
strain on the stakes to break. 

Under no conditions should men be allowed on top of the load or 
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along the unloading side of the car after the cross tie wires have 
been cut. 

4. Repeat procedure for lower half of the load. 

Workmen should be kept as far as possible from piling being 
unloaded during all of the above operations. 

10-2 PILE DRIVING OPERATIONS 

70 - 2.7 Positioning Piles 

When piles are placed at the rig for hoisting, the driving end 
should be nearest the operation, 
and in such a position that it 
will not swing or whip while 
being raised. 

While lifting pile into posi¬ 
tion in the leads, all men not 
actually engaged in this opera¬ 
tion should be kept at a distance 
of at least twice the length of 
the pile. 

A tag line should be attached 
to the pile for steadying dur¬ 
ing this operation. 

Piling should be stacked in 
an orderly manner so that it 
can be easily skidded to loca¬ 
tions near the pile driver. 

70 - 2.2 Preparing Wood Piles 

Before lifting wood piles into position, place iron ring or pile cap 
over driving end to prevent brooming. 

7 0 - 2.3 General 

All areas around pile drivers should be kept clear of materials 
and equipment not being used, and all personnel not actually en¬ 
gaged in operations should be kept at a safe distance. 
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Timber mat used to provide adequate 
foundation for rig on unstable soil. 
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10-2.4 Driving 

When the top man is guiding a pile into position in the leads, he 
should be cautioned against putting his arms or hands between the 
pile and the inside guide, or on top of the pile. Rope should be used 
to guide pile. 

The niggerhead operator should be experienced, and on the alert 
at all times. Ropes should be neatly coiled. 

Protection should be provided so that personnel cannot be drawn 
into the sheaves. 

Use caution when driving creosoted wood piles, as the hammer 
impact may spray creosote, injurious to eyes and skin. Protective 
creams and lotions should be applied to all exposed portions of the 
body, and washing facilities should be provided. 

Goggles and safety helmets should be worn, and rubberized or 
other protective garments may be necessary. 

10-2.5 Signals 

The pile driver operator should recognize signals from a desig¬ 
nated signal man, and from no other person, save in case of some 
emergency. 

10-3 PILE DRIVERS 

11-12.1 General 

Gears, fly wheels and drive shafts should be fully enclosed. 
Boilers, hoisting drums and brakes should be kept in good operating 
condition, and sheltered from the weather wherever possible. 

A strong ladder, securely fastened, should extend the entire height 
of the rig, and should be maintained in good condition at all times. 

10-3.2 Steam or Air Supply 

Steam or air hoses should be securely fastened to hammer to 
prevent whipping, or from spraying steam or air on workmen 
nearby in case of breaks. Steam or air line blowdown should not 
be done when employees are nearby. 
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Steam or air supply lines should have shutoff valves within easy 
reach of operators. 

Steam boilers should meet all ASME and local boiler code re¬ 
quirements, and should be regularly inspected by competent boiler 
inspectors. 

Sections of hose should be joined across couplings with rope, or 
by using metal chains which are provided with some type of 
couplings. 

The use of metal-armored hose is recommended. 

JO-3.3 Positioning Pile Driver 

Due to the weight of pile driving apparatus, strict supervision is 
required, especially when moving on grade. Equipment should be 
guyed to prevent tipping. 

In cut, fill, or other area where soil may be unstable, mats and 
substantial cribbing should be used for supports. 

Use extreme caution in placing close to an excavation. Shoring 
should be used to retain sidewalls, and should be put in place at the 
direction of competent supervisory authority. 

JO-3.4 Inspection and Maintenance 

All sheaves, cable, machinery, slings, and other parts of pile 
drivers should be frequently inspected, and all worn or defective 
parts and equipment promptly repaired or replaced. 

Defective air or steam hose should not be repaired with make¬ 
shift patching, but should be replaced or soundly repaired before 
re-use. 

Under no condition should any repairs be effected while pile 
driver is operating or under steam or air pressure. 

70-3.5 Securing 

When shutting down rig, all pressure should be relieved from lines. 

Whenever not in use, hammer should be lowered to the base of 
leads and blocked. Accidental dropping or tipping of the rig is 
minimized thereby. 
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10-4 MARINE OPERATIONS 

70-4.7 Personnel 

All personnel working above water should be required to wear 
life-vests and, if it is necessary to use both hands in precarious 
positions, should be required to fasten on with a life line. 

Life preservers with fifty feet of *4" line attached should be 
provided in easily accessible locations. 

A skiff or other type of personnel boat should be on hand at all 
times when men are working over water. 

Methods of testing life jackets and other marine work recom¬ 
mendations are fully detailed in Section 34 Marine Equipment. 


70-4.2 Gangplanks 

Gangplanks should be provided for boarding floating rigs, and 
for crossing between barges and other craft. 

Gangplanks should be secured against slipping, should be sur¬ 
faced with non-slip material or cleated, and should be provided 
with handrails 36 to 42 inches high. 


10-5 SHEET PILE COFFERDAMS 

7 0-5.7 Handling Interlocking Sections 

Steel sheet piling cofferdams, constructed in whole or in part 
from floating rigs, present extreme safety hazards. All personnel 
working over water should be required to wear life vests. 

When handling steel sheet sections, especially with wind blowing, 
tag lines should be attached to the lower end to provide guidance. 

When interlocking sheets, the top man usually sits astride the 
driven section in order to guide new sections into place. Foot 
stirrups that hook over the top of the driven sheets are recommended 
for use in this work. Hands should be placed well up on section 
being set, and gloves should be worn at all times. Hands and other 
parts of the body should be kept from between sections. 
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Corps oj Engineers 

Illustration 10-3 

Sheet piling in swift current. Note protective timbering and access ladders. 


70-5.2 Driving 

It is recommended that one rig be used for setting steel sheeting 
and a second for driving, wherever practicable. 

If one rig is used for setting and driving, all personnel should 
stand clear until sheet has been interlocked and hammer placed. 

In current the bottom of the sections may require cables or brac¬ 
ing to maintain vertical alignment until sheet has been driven far 
enough to withstand pressure. 


JO-5.3 Maintaining Cofferdams 

To protect cofferdam from undercutting by current, a substantial 
berm should be placed along the upstream, long side, and outer ends 
of cofferdam. This is usually a design function, but care should 
be taken by the contractor to inspect frequently for washing away. 
Scour may require pumping sand, or placing of brush-and-rock 
weighted mattresses. 

Adequate pumping capacity should be provided to maintain dry 
condition, and to meet emergency conditions. 
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10-5.4 Emergency Protection 

As protection against unexpected flooding or collapse, substantial 
stairways at strategic points should be provided for the evacuation 
of personnel working in the dewatered area. Life preservers and 
personnel boats should be posted on the shore and along the top of 
the completed cofferdam. 

Continual inspection of the cofferdam, close study of upstream 
water levels, and weather conditions are strongly recommended. 

If navigation is carried on in the vicinity of the cofferdam, ade¬ 
quate warning lights should be provided. 

7 0-5.5 Removal 

Removal of sections, especially in current, is perhaps more haz¬ 
ardous than the original installation. 

Rust and dirt deposits in the interlocks, in addition to deforma¬ 
tions resulting from driving, will require extreme effort in ex¬ 
tracting. 

Extractor hooks, cables, and the boom are subjected to severe 
stresses, and a greater factor of safety than for normal operations 
should be used. 

Extractor hooks should be carefully inspected for signs of failure. 

It is advisable to lock the screwbolt in the extractor pin with a 
spring clip, as the constant vibration may loosen the bolt. 

Sheet sections extracted in current should be secured against 
lateral movement by cables or guide devices. 
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SECTION 11—CONCRETE CONSTRUCTION 

11-1 MATERIALS 

Men handling sacked cement should wear goggles, durable close- 
fitting clothing with snug wrist, ankle and neck bands. The use of 
protective cream on exposed skin surfaces should be encouraged. 
Men handling bulk cement should, in addition to the above, be 
equipped with goggles and respirators. Men working in the sun 
should be required to wear shirts and head covering, as protection 
from the sun’s rays and irritants. 

One of the best means of avoiding skin irritation from cement 
dust is personal cleanliness. Frequent and thorough washing, com¬ 
bined with the use of protective cream is recommended. 


11-2 FORMS 

Form lumber and supports should be selected after careful con¬ 
sideration of loading factors, including spans, setting temperature, 



Illustration 11-1 

Well-planned operation makes use of unit forms with integral scaffold brackets, 
guard rail, lifting hooks, bracing. Forms have been used for five previous pours. 
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rate of pour, and working loads that will be supported. Good 
housekeeping is important in preventing injuries caused by falling 
objects, nails, splinters, etc. Stripped form material should be 
cleaned and neatly stacked after removing all nails. 

Scaffolding should be erected before placing decking on joists, 
to enable men to work safely. 

Men constructing forms or placing reinforcing steel where there 
is a falling hazard should wear safety belts, or other adequate 
protection should be provided. 

11-3 SHORING 

All loads must be carried to the ground through shoring. Proper 
allowance must be made for the weight of forms, concrete, men and 
equipment. Shoring should be erected and maintained in plumb, 
and adequate footing must be provided. Spacing of shores is gov¬ 
erned by design economies, form material used, etc. 


Baker-Roos, Inc. 

Illustration 11-2 

Adequate Horizontal cross-bracing should be provided in two directions. Note 
footing under adjustable shores. 
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It is suggested that shores be spaced to provide a minimum safety 
factor of four. Adjustable shores should be securely locked when 
in position, in accordance with the instructions of the manufacturer. 

Shoring should be properly braced horizontally and/or diagonally, 
in both directions along lines of shores. In any 50 foot line of 
shores, it is recommended that cross-bracing be used at least once. 

If vertical shoring is spliced, the American Concrete Institute 
suggests a diagonally-braced line of struts at each splice level suf¬ 
ficient to carry 1% of the vertical load, in two directions at right 
angles to each other. 

Tubular steel scaffold sections are widely utilized as form sup¬ 
ports. Erection and loading in¬ 
structions of the manufac¬ 
turer or supplier should be 
carefully observed. Each scaf¬ 
fold unit is selfsupporting and 
most types are internally braced 
in both directions. All instal¬ 
lations should be plumbed, and 
provided with adequate foot¬ 
ing. 

All shoring should be pro¬ 
tected from damage, such as 
might be caused by moving ve¬ 
hicles or swinging loads. 

During concreting, one or 
more carpenters, as required, 
should be assigned to tighten 
wedges and see that centering 

supports are in no danger of Patent scaffolding Co. inc. 

collapsing. No incidental du- illustration 11-3 

ties should be assigned form Sectional steel shoring. Note cross¬ 
watchers during periods of con- bracing in place, wedged footings on 

slope. Adjustable footing plates permit 
Crete pouring. levelling. 


11-4 REMOVAL OF FORMS AND SHORING 

Forms should not l>e removed prematurely. CONCRETE 
SHOULD BE PROPERLY SET—NOT FROZEN. Only tests on 
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job-cured specimens will insure that concrete has attained sufficient 
strength to carry loads: These tests should be supplemented by 
surface hardness impact (hammer) tests on the member in ques¬ 
tion. Job specifications and local building codes should be con¬ 
sulted before removing forms. 

These precautions apply principally to flexural members, such 
as slabs and beams. Vertical form faces for walls can be stripped 
at any time. 

Only personnel actually engaged in form stripping should be al¬ 
lowed in the area during these operations. Hard hats, gloves, and 
heavy-soled shoes should be worn. Approved safety belts and 
lanyards should be used if adequate footing is not provided above 
the 6-foot level. 

Before stripping forms, centering should be well supported by 
shoring. Ledgers should be fastened to shores to prevent the 
centering frpm v falling. 

In cutting tie wires under tension, care should be taken to prevent 
back lash which might hit the body, particularly the face, eyes, or 
throat. 

11-5 SPOUTING 

Where towers and chutes are used they should be carefully built 
by men trained in this work. Such installations should be checked 
daily and kept in good repair. 

Main cable supporting concrete chutes should not be fastened to 
the tower. A good plan is to run the cable over an idler at top of 
tower and secure to strong anchorage behind the tower. When in 
doubt consult job engineer or superintendent. 

Tripods should be built of strong material and not in a makeshift 
manner. 

Spout should be well guyed so it cannot sway in the wind and 
endanger those working on other parts of the structure, and should 
be flushed out at the end of each run of concrete. 

Areas below spouts should be barricaded, when practicable, to 
keep people out of the areas where they might be injured by fall¬ 
ing concrete. 
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11-6 CRANES—BUCKETS 


Concrete buckets positioned by crane or overhead cableway should 
be suspended from deep-throated hooks; preferably equipped with a 
swivel and safety latch. Buckets swung from cranes are often 
out of sight of the crane operator, as in the case of building con¬ 
struction with the crane positioned below the level of construction. 
A signalman should be posted in clear view of the receiving area 
and the crane operator. 

See Section 13, Cranes, Hoists, and Derricks. 

. * -f* ' 

11-7 RUNWAYS 

^ -• * 

Runways should be strongly built, evenly supported, and have a 
^mooth-running surface of sufficient width to prevent buggies 
running off. 

Centering directly under runways should have extra supports. 

Runways used in place of stairways should have railings high 
enough on open sides to protect workmen. 

Runways Should be of flat enough slope so that men will not slip, 
or cleats should be fastened to sloping runways when the incline 
exceeds one foot rise in five feet run. 

Runways should be kept free of ice, snow, grease, mud and other 
slipping hazards. 

11-8 MIXERS AND PAVERS 

See that all gears, chains, and rollers of mixers are properly 
guarded. If the mixer has a charging skip, operator should see that 
men are out of danger before skip is lowered. Skip should be 
guarded by pipe railings on the side to prevent anyone walking 
under it while it is being lowered. 

Pavers should be equipped with a loud warning bell, which should 
be used when the paver is moved ahead or the bucket run out 
among the puddlers and men placing steel. 

The paver skip man should be active and alert. A signalman 
should be assigned to warn men working on the subgrade when a 
truck is backing into the skip, and should signal the truck driver 
when all men are clear. Signalman should be on the driver's side and 
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to the rear of the vehicle. Truck drivers should be instructed to back 
their trucks only when signalled to do so. Backing lanes should 
be carefully planned and laid out, and kept free of equipment, mate¬ 
rial, debris and workmen. 



The Koehring Co. 

Illustration 11-4 

Paver operator and truck driver both guided by signalman. Note guard rail 

around paver skip. 

Pavers are equipped with guards to prevent men from walking 
under the skip. These guards should never be removed while the 
paver is in use and should always be kept in good condition. 

Do not allow waste material to accumulate around mixers and 
pavers. Ropes and sheaves should be inspected daily. 

Switches should be locked in open position, tagged, fuses removed, 
throttles closed, and operating power of mixers locked in the off 
position when men are cleaning inside the drum. 

11-9 READY-MIX TRUCKS 

The increasing use of ready-mixed concrete imposes traffic prob¬ 
lems which must be considered. Backing operations should be con¬ 
trolled by a signalman, positioned so as to have a clear view of the 


11-6 


June, 1958 










area behind the truck and clearly visible to the truck driver. A rea¬ 
sonably smooth traffic surface should be provided, and movement of 
personnel and other job equipment should be routed to avoid cross¬ 
ing as much as possible the truck lane. If trucks are unloading into 
concrete buggies, these should be routed to provide a smooth flow of 
traffic. If possible, buggies should be routed in a continuous loop 
to minimize collision danger and the chance of being run off the 
roadway. If a single runway is used, turnouts should be provided. 


11-10 CONCRETE BUGGIES 

Buggies should be kept clean and material should not be allowed 
to collect on the inside. Stop cleats should be used at all places 
where buggies are dumping materials. 

Handles of buggies should not extend beyond wheels on either 
side. Wherever possible, the use of knuckle guards on buggy 
handles is recommended. 

Loose weights should never be hung on the handles of buggies as 
counterbalances. Trim the load if necessary. If weights become 
necessary, fasten them securely to the handles. 


11-11 WHEELBARROWS 

See Section 19—Hand Tools. 


11-12 TILT-UP CONSTRUCTION 

7 7 -72.7 General 

Structural panels poured in a horizontal position and lifted to the 
vertical eliminate the need for standing forms. The common prac¬ 
tice of pouring concrete for wall panels immediately adjacent to 
final placing position often utilizing the previously completed floor 
slab as a placing bed and “tilting” into position after curing has 
engendered the name commonly applied to this construction tech¬ 
nique. 

Lifting is accomplished by crane or derrick, with load being 
applied to the panel by means of pads or lifting attachments cast into 
the member, or by means of pneumatic vacuum attachments, which 
eliminate the need for hooks, pads, etc. 
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Aerojet-General Corp. Aerojet-General Corp. 

Illustration 11-5 Illustration 11-6 

Tilt-up panel being positioned by two After positioning, panel is securely 
cranes. Note load equalizer beams. braced while lifting connections are re¬ 
moved and permanent structural con¬ 
nections are made. Note use of wheeled 
sectional scaffolding. 

17-72.2 Lifting Attachments 

Lifting attachments cast into slab should be adequate to support 
the load that will be applied. Hooks or slings should be applied as 
recommended in Section 12 of this Manual. Tag lines should be 
used, especially if load is to be lifted and moved into place. No 
workman should be allowed to walk or stand in the area below the 
slab while being moved. 


7 7-72.3 Vacuum Lifting Devices 

Vacuum lifting devices should be applied only to smooth, clean 
surfaces. An automatic cutoff should be provided to prevent loss 
of suction in the event of failure of the compressor power source, 
tank, lines, or other attachments. 

Panels should be securely and adequately braced in final posi¬ 
tion, and bracing should remain in place until sufficient support is 
provided by portions of the final structure. Standing vertical panels 
should be braced to withstand wind pressures during construction, 
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and should be guarded from possible impact by moving vehicles and 
equipment. 


11-13 LIFT-SLAB* CONSTRUCTION 

Casting several floor slabs at the ground level and lifting into 
place after curing is another means of eliminating the need for 
forms, shores, and supports. This technique is being extensively 
applied to commercial and institutional buildings. Several floor 
and roof slabs may be cast, separated by curing compound or other 
agent which will permit parting of the slabs when cured. 

This construction technique is presently licensed under one or 
more proprietary systems. The lifting equipment is generally fur¬ 
nished under agreement with authorized agents of the system in a 
given area, and construction and lifting of the slabs, as well as 
their attachment to supporting members, is usually carried out 
under the direction of the designing engineer or architect. The 
following comments are offered only for general guidance: the 
procedures followed during lifting and connecting slabs should be 
as directed by the supervising engineer. 


All columns should be reasonably plumb before lifting operations 
begin. Loading any column which is not plumb will produce bend¬ 
ing moment at the base plate, which must be provided for. 



United. States Lift Slab Corp. 

Illustration 11-7 

Lift jacks in place on 36-column lift job. Central control insures equalized 
lifting at all points. 

* LIFT SLAB is the trademark of the United States Lift Slab Corporation. 
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Lifting must be uniform at all points. 

Use scaffolding to provide access during positioning and con¬ 
necting. 

Temporary shoring of adequate strength should be used to sup¬ 
port slab while lifting rod extensions are being added or removed. 

Wind and other horizontal loads will be resisted by the vertical 
columns acting as cantilivers. If necessary, bracing, guy wires, etc., 
should be provided to prevent sway. 

All column connections (positioning or permanent) should be 
made and inspected before releasing the load from lifting devices. 



11-14 SLIP FORMS 


Slip forms are used in putting into place concrete for vertical 
structures, the design of which 
permits continuous raising of 
the forms. A high rate of 
production and economical re¬ 
use of forms are made pos¬ 
sible by means of this tech¬ 
nique. 


Scaffolding or work plat¬ 
forms should provide ade¬ 
quate protection to workers 
engaged in concreting operations. 


Illustration 11-8 

Slip-forms in use. Note substantial 
working platform attached to forms, 
with guard rail. 

See Section 15, Scaffolding. 


Movement of forms is con¬ 
trolled by hydraulic, pneumatic, 
or mechanical lifting devices. 
These should be uniformly 
spaced, and securely anchored 
to adequate support. Lifting 
devices should be provided with 
automatic holding devices to 
protect against failure of 
power supply or lifting mechan¬ 
ism. 


Elam Grain Co. 
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Forms should not be moved until concrete poured has attained 
sufficient strength to support itself and all loads that will be imposed 
by next pour. The desire to attain high rates of production should 
not prompt the removal of forms before adequate strength has been 
reached. 

Lifting should proceed steadily and uniformly, so as to avoid 
overloading at one or two lift points. It is advisable to lock forms 
in position by some positive mechanical link or stop, rather than to 
support the weight of the forms through the lifting device. 

Workmen placing reinforcing should wear approved safety belts 
and lanyards, or be otherwise protected from falling when placing 
steel above the scaffold level. 

11*15 PRE-FORMED MEMBERS 

Preforming of concrete members for subsequent structural as¬ 
sembly has been found to permit rapid and economical production 
procedures. Centrally located casting plants permit economical 
stockpiling of materials, and ground-level operations eliminate the 
need for built-up forms, supports, shores, and the like. 

Beams, slabs, and a wide variety of shapes are being produced 
either simply reinforced, or with tension applied to lower-chord 
reinforcing before or subsequent to erection. 

Casting yards should observe all the rules of good housekeeping 
outlined in Section 1 of this Manual: a safe working area is an 
efficient working area. 

Neat and orderly stockpiling and storage of all materials is also 
conducive to good production. 

Clear roadways for the passage of vehicles moving materials and 
handling finished products should be provided. If possible, a con¬ 
tinuous-loop road layout should be provided to permit continuous 
operations, and to eliminate backing operations of heavy vehicles. 
Backing trucks and cranes should be directed by a signalman, and 
all personnel should be cautioned to stand clear of moving vehicles 
and swinging cranes. 

If a travelling gantry crane is operating over casting beds, a 
warning signal which sounds automatically during travel is advis- 
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able, as workmen may be crossing track or standing in the path 
of moving loads while performing duties. 

In handling finished structural members, the rules for lifting and 
transferring detailed in Section 12, “Hoists, Cranes and Derricks” 
should be observed. 

11-16 PRESTRESSED CONCRETE 

7/-76.7 Manufacturing 

1. In using anchor fittings for pre-tensioned strands, the manu¬ 
facturer should adhere to the instructions of the suppliers of the 
fittings concerning their maintenance and replacement. Failure of 
fittings can follow disregard of instructions. Such failure can in¬ 
volve danger to life and material. It is vital that tools and strand 
vices be kept clean and always in good condition. 

2. Extreme caution must be exercised in all operations involving 
the use of stressing equipment as strand under high tensile stresses 
becomes a lethal weapon. 

3. During the jacking operation of any tensioning element or 
group of tensioning elements, the anchor must be kept turned up 
close to the anchor plate whenever possible. This will insure a 
minimum of impact and no serious damage if a hydraulic line 
should fail. 

4. Do not stand in line with the tensioning elements and jacking 
equipment during the tensioning operation. Do not allow anyone 
to be directly over jacking equipment when deflecting is being done. 
Provide signs and barriers to prevent personnel from working be¬ 
hind jacks when stressing operation is in progress. 

5. Pulling-headers, bolts and hydraulic rams should be con¬ 
stantly inspected for signs of fatigue, and threads on bolts and nuts 
should be frequently inspected for diminishing cross section. 

6. Check pumping equipment, hose and fittings periodically. 
Use extreme care in cleaning choked units. 

7. Keep yard as clean as possible. 

8. Stack members carefully on good blocks and on a good level 
base. 
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Signode Steel Stripping Co. 


Illustration 11-9 

Typical prestressing setup. Note clean working area. Steel strapping is being 
applied to prevent outward splay during tension relief. 

7 7-76.2 Handling 

1. Prestressecl concrete units should be handled at specific pick- 
ing points designated for that purpose on manufacturers’ drawings 
and with specific devices he designates unless otherwise authorized 
by the Engineer in charge. In general, on standard beams and 
girders, pick only at the end blocks and prevent accidental sup¬ 
port in middle of beam. 

2. Prestressed girders and beams are often unstable when tipped 
and must be braced during transportation, and handled in such way 
as to keep member upright. 

11-16.3 Erection 

1. Check periodically all cables, clamps and hooks on crane. 

2. The operator should determine safe reach of crane as posted 
in the cab. 


June. 1958 


11-13 










3. Since erection contractors frequently overrate capacity of 
their crane at radius with which it is necessary to work on some jobs, 
it is safer and more economical as a principal to use cranes of a 
greater capacity than required. Inasmuch as the lifting capacity of 
a crane falls off rapidly as the radius is increased, a larger crane 
has the ability to maneuver with fewer restrictions, provides an 

additional safety factor and pays off in much more rapid installa- 
tion. 


4. Check lift eyes in members for eyes set too low. If lifting 
hook has to lift sideways, the eye can shear verv easily. 

5. Use spreader bar wherever possible so that cable can be as 
perpendicular to member as practical. No less than 60 degrees angle 
should be used between cable and members, except when member 
and lifting eyes are specifically designed for less. 


6. Allow no one under members while they are being lifted or 
erected. 


7. Use guy lines at ends of members, preferably of non-frayino- 
material such as chains or wire rope. 

8. Only one man should be responsible for signaling crane oper¬ 
ator. Standard signal's shall be used. See Section 12. 

9. Remove electrical wiring that could possibly touch equip¬ 
ment or members. Maintain minimum 10-foot clearance from all 
overhead electric lines not removed. 

10. After erection, guy and brace member to prevent its bein°- 
tipped or dislodged by accidental impact when setting next member 


11-17 COLD WEATHER CONCRETING 

Extensive concreting is now carried on during periods of cold 
weather, utilizing proper techniques of mixing and protection. 

Heaters of various types are used to heat aggregates and other 
materials, and to maintain proper curing temperatures during 
curing. 

Heaters should be frequently checked for proper functioning, and 
precautions listed in Section 5, Flammable Gases and Liquids, should 
be observed when handling fuels. 


11-14 


June, 1958 





When construction areas are enclosed with canvas, plastic film, 
or other materials, and heated, proper ventilation and lighting should 
be provided. The use of transparent plastic film as a protective 
covering has found wide application, as this product is semi-trans¬ 
parent and provides insulation with little loss of natural lighting. 

During cold weather concreting, it is extremely important that 
fresh concrete be protected at all times from exposure to freezing 
temperatures. Thin slabs lose heat rapidly, and should be enclosed, 
if necessary, to protect from wind and low temperatures. Protec¬ 
tion should not be removed too quickly. The recommendations of 
the cement manufacturer or the supervising engineer should be re¬ 
quested if any doubt exists regarding proper curing periods. 

When heated materials are used in concrete production, it is gen¬ 
erally advisable to add cement to the mix last, to prevent flash sets. 

Concrete should not be allowed to dry out during periods of pro¬ 
tective heating. 

Forms should not be removed until it is certain that the concrete 
has developed sufficient strength to sustain all live and dead loads 
that will be imposed. 

References 

The Portland Cement Association, Chicago, Ill. Various publi¬ 
cations on mixing, handling, and testing concrete. 

The American Concrete Institute, Detroit, Michigan. Various 
publications on mixing, handling and testing concrete. Periodic 
Journal. 

National Ready Mixed Concrete Association. Literature dealing 
with ready-mixed concrete. 

United States Lift Slab Corporation, San Antonio. Texas. Tech¬ 
nical bulletins dealing with lift slab design and installation. 

Prestressed Concrete Institute, 425 N. E. Fifth Street, Boca 
Raton, Florida. Prestressing recommendations. 
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SECTION 12 — MASONRY 

12-1 SCAFFOLDS 

Scaffolds used for brick or stone work should conform to speci¬ 
fications for heavy trades pole scaffolds in Section 15. 


12-2 BRACING 

Basement walls should be braced sufficiently to withstand any 
load which may be placed upon them during construction. 

Backfilling should not be done against green walls. 

Supports which will cause vibration should not be placed on 
walls until they have properly set. 

On high walls, especially where openings are not plentiful, good 
bracing is necessary during construction to withstand wind and 
other pressure. 

Guys or other stays should not be put through brickwork until 
it has firmly set, and should be anchored only to places of sufficient 
stability to withstand stress. 

12-3 TUBS 

Mortar tubs should be kept free from ragged edges which may 
cut the hands and arms of the bricklayer dipping mortar from them. 


12-4 SAWS 

Power saws used for cutting brick or stone should be equipped 
with dust collectors. Men using saws should wear goggles and, 
if dust collector is not used, respirators. Power switches should be 
so placed that the operator does not have to reach across the blade 
to start or stop the motor. 

12-5 PERSONAL PROTECTION 

An appropriate protective cream or lanolin ointment should be 
provided to workmen to prevent lime burns. 
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A bottle of glycerine or olive oil should be included in the 
hrst aid kit where men are handling lime, and should be used when 
lime gets into open cuts or into the eyes. 

12-6 STONE WORK 

See Section 13 on Breast Derricks. 

Scaffolds used for landing stone should be designed accordingly 
and made stronger than those designed to carry men alone. 

stoned 8 Sh ° Uld ^ USed in addition to ton gs or pins when lifting 
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SECTION 13 - HOISTS, CRANES AND DERRICKS 

13-1 MATERIAL HOISTS 

Material hoists may be erected in hoistways inside the building or 
in towers erected outside the building and attached thereto or stand¬ 
ing independently. 

I hey are not usually designed for the safe transportation of 
workmen, and no personnel should be allowed to ride in material 
hoist cages. 

13-2 SHAFTWAY CONSTRUCTION 

Hoist shaftways should be constructed of sound, clear material. 
I he best obtainable quality of No. 1 select Douglas fir or its equiva¬ 
lent is recommended. Towers should be vertically straight, plumb, 
and should extend at least 20 feet beyond the top of the building. 
The shaftway structure, including foundation footings, should be 
built with a factor of safety which will sustain maximum possible 
loading, including wind loading. 

The shaftway tower should be cross-braced and strutted and 
firmly anchored to the building. When erected independent of the 
building, towers should be guyed at each corner every 32 feet in 
height with minimum inch diameter wire rope. Anchorage 
should be sufficient to develop full strength of the guy. Guy wires 
should not be attached to reinforcing steel projecting through the 
floor in freshly poured concrete or other insecure portions of new 
work. 

When it is necessary to cross public streets, passageways, or 
working areas with guy wires, adequate clearance for traffic should 
be provided and the guy should be marked with warning or clearance 
lights. The lower end of the guy should be protected from damage 
by moving vehicles where necessary. 

A side ladder should be provided to the top of all hoist towers. 
See Section 16, “Ladders.” 

Metal scaffolding sections used for material hoist towers should 
be carefully erected in accordance with manufacturer’s instruction. 
Substantial foundation footing should be provided and tower should 
be securely anchored to the building or independently guyed as 
for wood towers. 
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13-3 SHAFTWAY ENCLOSURES 


The bottom panel of hoist towers should be screened or planked 
in on as many sides as possible. Shaftways of outside hoists should 
be enclosed the entire height, facing open sides of the car, with 
heavy mesh wire except at loading or unloading platforms. 

Shaftways of inside hoists should be enclosed solidly or with 
substantial wire mesh of not greater than 2 inch openings to a 
height of at least 6 feet from each landing, except on sides used 
for loading or unloading. Where workmen are working near such 



Ira Carroll, Photography 

Illustration 13-1 

Material hoist fabricated of steel sections. Towers should be adequately 
guyed and braced. 
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shaftways, the enclosure should extend from floor to ceiling the 
entire height of the shaftway. 

All material hoists should be protected at the main loading floor 
with an automatic vertical sliding gate, and at all other floors with 
hand-raised sliding gates of sufficient height to prevent anyone from 
looking over them into the shaft. 

13-4 LANDING PLATFORMS 

Where landing platforms connect the shaftway to the building, 
such platforms should be constructed of sound material capable 
of sustaining maximum possible load. Standard guard rails and 
toeboards should be provided. 

Where platform entrance to a shaftway is exposed to hazard of 
falling objects, substantial overhead protection should be provided. 

All landing platforms should be kept free and clear of building 
material and debris at all times. All landing platforms should be 
adequately lighted. 

13-5 CAGES 

Material hoist cages should be substantially constructed with 
toeboards and heavy screen wire enclosures on unused sides. En¬ 
closure material should be of sufficient size to prevent the projec¬ 
tion of wheelbarrow handles, tools, and other objects over the edge. 
Positioning cleats for wheelbarrows are advised. 

It is recommended that the cage frame or sling be of steel con¬ 
struction. Where wood is used for the car floor, it should be 
sound and at least 2 inches in thickness, securely fastened and 
braced to the cage frame. If floors are covered with metal, they 
should have a non-slip surface. 

The cage roof should be constructed of material strong enough 
to protect men loading from falling objects. Hinged sections may 
be desirable to permit the loading of long material. 

13-6 HOISTING ROPES AND SHEAVES 

Steel wire hoisting ropes, not less than plow steel grade and equal 
in flexibility to standard 6 x 19 plow steel wire rope with an 
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adequate factor of safety, should be used as suspension means for 
all material hoists. No hoisting rope less than one-half (*4) inch 
in diameter should be used on material hoists. 



CORRECT WAY 


U-Bolt of all clips on dead end of rope 



INCORRECT WAY 
Do not stagger clips 



INCORRECT WAY 


U-Bolt of all clips on live end of rope 


HOW TO ATTACH 

WIRE ROPE CLIPS 


Association of Casualty & Surety Cos. 

Illustration 13-2 
How to attach wire rope clips. 


The minimum dimensions for all sheaves used for material 
hoists should be as given in the following table: 


Diameter of Hoist Diameter of Sheave Diameter of Axle 

Wire Rope in Inches in Inches in Inches 


V* 

14 

1-3/16 

Vs 

18^4 

1-7/16 

3 A 

21 

1-11/16 

Vs 

24 l A 

1-15/16 

1 

28 

2-3/16 


Wire ropes should be inspected at least once each week when in 
use, and no rope should be used for the purpose of raising or lower¬ 
ing men or materials when more than ten (10) percent of the total 
wires are broken in any running foot of said rope, or when the 
wires on the crown of the strands are worn down to less than sixty 
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(60) percent of their original area, or when, by superficial inspec¬ 
tion, the rope shows marked signs of corrosion. 

One of the most common causes of failure in wire ropes is 
kinking. Once a kink is formed, no amount of strain can remove 
it and the rope is unsafe for use. Kinking often occurs in unreeling 
or unwinding the rope when it is first received. Wire ropes should 
never be uncoiled like fiber rope. One of the following methods 
should be used: 

Method 1. The reel may be mounted on a shaft supported by 
two jacks. The rope is then pulled from the reel by a workman 
holding the end of the rope and walking away from the reel, which 
rotates as the rope unwinds. This is the common, approved method 
of unreeling wire ropes. 

Method 2. The reel may be mounted on an unreeling stand. 
It is then unwound in the same manner as described above. 

Method 3. The end of the rope may be held and reel rolled 
along the ground. 

If the rope is to be unwound from a coil, there is only one correct 
method of uncoiling. The end of the rope should be held and the 
coil rolled on the ground like a hoop. 

If wire ropes are to render safe service, they must be kept in 
proper condition. They must be lubricated regularly to protect 
them from corrosion and excessive wear. Lubricants should be 
free from acid or alkali, and should be of the proper consistency. 
The greater the number or the smaller the wires in a rope, the 
thinner the lubricant must be. Compounds of cylinder oil which 
will penetrate and lubricate the inner wires and prepared com¬ 
pounds furnished by wire rope manufacturers and dealers are 
recommended. A rusty rope is a liability. 

Because wire ropes are lubricated with oil, they should be kept 
away from fire and fire hazards. Even a slight burn will dangerously 
weaken the rope and render it unsafe for further use. 

Wire ropes that have been burned by coming in contact with hot 
electric wires should not be used for load-carrying purposes. 
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Ropes should be securely fastened to drums and shaft convey¬ 
ances either by zinc plugs, babbitted tapered sockets, or by suitable 
clamps, and at least two full turns of the rope should remain on the 
winding drum at all times. When clamps are used, not less than 
three (3) clamps should be provided. 

Care should be taken when using wire ropes around abrasive 
dirt. Such substances cause undue wear and other damage. 


2 . The rope being properly seized, the end 
seizing is next taken off. The fiber core 
shall be cut back to the seizing as per Fig. 
1, and the wires shall be untwisted and 
broomed out, although they need not neces¬ 
sarily be straightened, as per Fig. 2. 


Directions For Attaching Sockets To Wire Rope 


1. The rope shall be securely seized and 
served with soft wire ties before cutting and 
at least two additional seizings placed at a 
distance from the end equal to the length 
of the basket of the socket. For large ropes 
the seizing shall be several inches long and 
securely wrapped with a seizing iron. This 
is very important, as it prevents the rope 
unlaying and insures equal tension in the 
strands when the load is applied. 



is i 

■" 


3 . The wires, for the distance that they are 
to be inserted in the socket, shall be care¬ 
fully cleaned with benzine, naphtha, or 
gasoline, and then the wires dipped for a 
distance not greater than three-quarters of 
the cleaned length of the wire in com¬ 
mercial muriatic acid for from 30 seconds to 
1 minute, or until the acid has thoroughly 
cleaned each wire. Care should be taken 
that the acid does not come into contact 
with any other portion of the rope. If it 
does, the wires may become brittle. 

4 . The wires should be dipped- in boiling 

u/nUr rnntnininn n tmnll nmnnnf tnrln 






to neutralize the acid. 

5. Place a temporary tie wire over the ends 
of the cleaned wire as per Fig. 3, being 
careful not to get these cleaned wires 
greasy or oily in so doing. 

6 . Insert the rope end into bottom of socket. 

7. Remove the temporary tie wire. 

8 . Holding the rope vertically in a vise, set the socket so 
that the wires are flush with the top of the socket basket 
and seal the bottom with putty, clay or similar substance 
as per Fig. 4. Care should be taken that the socket is in 
line with the axis of the rope. Put in among the wires, 
about 'A teaspoon or more of sal amoniac crystals. 


9 . Pour molten zinc into the basket until it is full, per Fig. 
5, and when zinc is solidified, the seal is removed and 
socketing complete as in Fig. 6. The zinc must not be too 
hot or it will anneal the wires, particularly for small ropes. 
The temperature shall not be above 830 degrees Fahr. 
Pine stick test to be made. If it chars but does not ignite, 
then zinc is ready to pour. If zinc is overheated it has a 
red color and stick will catch fire. When the zinc has 
solidified sufficiently, the socket may be plunged into cold 
water. If socketing is properly done, the strands will 
break near the middle of the specimen, not at the end 
of the basket. 

10 . Do not use babbitt metal or lead for socketing wire 
rope. If they are used, the strength of the fastening will be 
much less than the strength of the rope. 


Union Wire Rope Corp. 


Illustration 13-3—Socketing wire rope. 
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All wire ropes should be boxed in horizontally, or, if vertical, to 
a height of 12 feet, if there is any possibility of material falling 
and striking them, so as to throw them off sheaves or drums. 

Fixtures are usually attached to wire rope by means of wire rope 
clips. The clips should be attached with the base of the clip against 



Efficiency of various methods of attaching rope to fittings, expressed as per¬ 
centages of catalog strength. (Courtesy A Leschen & Sons Rope Company.) 
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the life, or long, end and the U-bolt bearing against the dead, or 
short, end of the rope. This will develop 80 to 90 percent efficiency, 
and is the only correct method of attaching wire rope clips. 

A recent development in wire rope clips is the “Fist Grip” clip, 
which has one nut on either side. Since it cannot be put on back¬ 
wards, this type eliminates the possibility of error. Recent tests 
indicate that it develops as high as 95 percent efficiency. 

It is advisable to use a thimble in an eye attachment. Lacking 
the reinforcement provided by a thimble, the rope will kink in the 
top of the eye and flatten out of shape. Strands wilt become dis¬ 
placed and the safety impaired to a dangerous degree. 

Tables for strength of wire rope should be obtained and con¬ 
sulted frequently. 

13-7 CONCRETE BUCKET TOWERS 

A concrete bucket tower located inside a structure and which is 
three (3) feet or less from any scaffold, or the edge of the shaft¬ 
way, or floor opening in which it is installed, should be substantially 
enclosed on all sides. The enclosure should extend at least eight 
(8) feet above such scaffold or floor. 

A concrete bucket tower located outside a structure should be sub¬ 
stantially enclosed for its full height. 

Openings with platforms should be formed at each floor level, 
and the runway leading to the tower should be guarded with rail¬ 
ing and toe-boards. 

If the bucket is discharged into a chute, the chute should be sub¬ 
stantially constructed of wood or metal and extend from the tower 
to the point where the concrete is to be poured or transferred to 
vehicles or hoppers. The chute should be substantially supported 
and pitched so that the concrete will flow by gravity. 

The pit should be drained and should be deep enough so that any 
spillage from the bucket will fall below the blocking on which the 
bucket rests while being filled. 

Men should not be allowed to work in the pit without first resting 
the bucket on strong timbers supported on two (2) sides of the 
tower. 
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The bucket tower should be securely guyed at two (2) or more 
elevations as may be necessary. 

The sheaves over which the cable passes should be firmly secured 
to overhead sheave beams and supporting framework and the 
sheaves should be kept well lubricated- 

Every bucket hoist should be provided with a broken rope type 
safety device. 

A substantial platform provided with railing and toe-boards 
should be constructed near the top of the tower where the concrete 
is dumped into the chute, and a strong ladder fastened to one side 
of the tower to enable a man to reach the platform in safety. 

Workmen should be prohibited from riding in the bucket. 

13-8 HOISTING ENGINES 

Hoisting engines should have sufficient capacity to handle the 
maximum load with reserve power for any emergency. 

Hoisting engines should not be located in public streets. Where 
they must be so located, equipment should be enclosed with barri¬ 
cades for the protection of the public. Wherever located, a roof 
to protect the equipment and the operator from the elements and 
from falling objects is advised and all exposed gears should be ade¬ 
quately guarded. 

Care should be taken to keep oil and grease from brake drums 
which should also be protected from water. 

Engines should have brakes capable of stopping and holding 1J4 
times the rated load. Loads should not be held for an extended 
length of time by the brake; a dog or pawl should be provided and 
used for this purpose. 

Where electric power is used, the panel boards, motor’s source 
of power, brakes, and other devices should be installed and operated 
in accordance with the National Electrical Code. 

Where internal combustion engines are used, the engine should 
be directly connected to the winding drum or traction sheave with 
only a transmission and/or clutch to control power transmission. 
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Belts or chain drives are not recommended. The engine should 
be equipped with an overspeed governor. 

All electrically powered hoists should be equipped with an effec¬ 
tive magnetic release brake which will be automatically applied when 
the controlling mechanism of the machine is in “stop” position. The 
brake magnet should be so installed that its action will not be 
affected by any motor field discharge or by counter-electromotive 
force, or by any single ground or accidental short circuit. 

Mechanical brakes on hoists powered from internal combustion 
engines should be installed so as to stop movement of the winding 
drum or traction sheave. Foot or hand pressure should be required 
to release the brake, with installation of such that removal of this 
pressure will cause automatic application of the brake. 


13-9 SIGNALS 

The use of whistle signals on hoisting work is dangerous and 
is not recommended. Whistle signals are likely to be confused 
with other noises. Hand signals are satisfactory where the engi¬ 
neer can always see the signal man, but a mechanical bell at the 
engine, operated by pulling a wire, is much more satisfactory. The 
wire should be of ample strength and carefully protected against 
fouling by enclosing in a pipe, or otherwise guarded where exposed 
to possible injury. 

Electric bells or colored lights may sometimes be used to ad¬ 
vantage. The following set of signals is suggested: 

1 bell to stop. 

2 bells to raise. 

3 bells to lower. 

4 bells to lower slowly. 

A rapid series of bells for emergency stop. 

1 he signal code should be posted next to the signal device at 
each work level and at the operating engineer’s location. All word¬ 
ing should be in large size letters, clearly visible to all concerned. 

It is sometimes advisable to mark the hoist rope to indicate the 
position of the hoist at each landing. Marking should be done with 
paint and not with rags or other material. 
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13-10 CRANES 

73 - 70.1 Inspection and Maintenance 

General maintenance and inspection should be performed regu¬ 
larly, and all worn or broken parts, cable, etc., repaired or replaced 
at once. In addition to this periodic inspection, the operator should 
check the safe operating condition of his equipment before com¬ 
mencing work each day. The daily check should include brakes, 
controls, cables, sheaves, and clean up of oil, grease, debris, etc., 
from walkways and floors. Firefighting equipment in the cab 
should be checked. 

y 

Cranes should never be oiled or greased while in motion. 

*■ 

73 - 70.2 Capacity 

No load should be lifted which exceeds the rated capacity of the 
crane at the operating boom angle. Attachment to the crane of 
plates or signs showing safe loads for various radii or boom angles 
is advisable. 

73 - 70.3 Operation 

Standard operating signals should be agreed upon and should 
be used to direct all operations. Only one man should be permitted 
to give signals to the operator unless load is being transferred to 
a point which is out of sight by the signalman. In such cases, a 
second signalman should be designated. Standard signals approved 
by the National Safety Council' are illustrated on page 13-15. 

Outriggers should be used when needed with rubber-tired cranes. 

When cranes are being operated on soft ground, timber mats 
should be laid down. Extreme caution should be used when operat¬ 
ing near the edge of an excavation. 

Slings should be adequate for the load being lifted. The signal¬ 
man should determine that the proper sling is being used and that 
it is correctly applied before signaling for lift. Slings should be 
kept in good condition and not dragged or left lying on the ground. 

Taglines or guide ropes should be used on loads that are liable 
to swing or must be guided through a restricted space. They should 
be handled by intelligent men under the direction of the rigger fore- 
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man. Care should be taken to guard against injury to workmen, 
structures, or scaffolds from swinging loads. 

Riding loads by workmen should not be permitted. 

To avoid strain on the crane and sliding of the load, the hook 
should be directly over the load being lifted. 




1. IF THt BOOM SHOULD COMl IN CO N 
TACT WITH OVERHEAO WIRES 


m. STAY ON THE MACHINE UNTIL THE 
BOOM IS CLEARED or tk« CURRENT 
CUT OFF. 


b. REEF «v«ryon« on tk* ground AWAY 
FROM THE MACHINE. 


<. If yow kovt to l«av« tk« mackint— 
JUMP. DO NOT STEF OFF. 



7. BE SURE THAT EVERYBODY IS IN THE 
CLEAR BEFORE BACKING UF. 



S. BE SURE THAT All SUNGS, TIES, AND 
HOOKS ARE FROFERIY FIACED AND SE- 
CURED BEFORE HOISTING. 






3. EVERYBODY SHOULD STAY FROM UNDER 
BOOM OR LOAD- WHIIE HOISTING. 
LOWERING, CRAWLING OR TURNING. 
USE HANDLINES FOR GUIDING LONG 
MATERIALS. 


*. KEEF HANDS CLEAR OF CABLES FEEDING 
IN ON SHEAVES OR DRUMS. 


10. NEVER TRY TO GET ON OR OFF MA- 
CHINE WHILE IT IS IN MOTION. 


4. NEVER SWING OVER GROUND CREW 
MEN. 


5. NEVER SWING OVER A TRUCK UNTIL THE 
DRIVER HAS LEFT THE CAB. 


IU NEVER CLEAN OR OIL MACHINE WHILE 
ANY FART IS IN MOTION. 


Illustration 13-5 



12. INSFECT CABLES AND ClAMFS ONCE 
EVERY WEEK. 



13. SHUT OFF THE FOWER AND IOCK All 
CONTROLS BEFORE LEAVING THE CAB. 



14. AlWAYS REST THE BUCKET OR OTHER 

load on the ground before ieav- 

ING CAB. NEVER LEAVE THEM SUS- 
FENDED IN THE AIR. 



15. TAKE SIGNALS FROM ONLY ONE MAN. 


16. AVOID WORKING TOO CLOSE TO EDGE 
OF SOFT FILL, OR UNDERCUTTING BANK 
HIGH ABOVE MACHINE 

17. TEST BRAKES BEFORE LIFTING LOADS 
UF HIGH 

IB. BE SURE All CONTROLS ARE IN A 
NEUTRAL FOSITION WHEN SHUTTING 
MACHINE DOWN 


19. ALWAYS MAINTAIN MACHINE IN GOOD 
OPERATING CONDITION. ESPECIALLY 
CONTROLS AND BRAKE SYSTEMS 



20.. MAINTAIN All WALK WAYS ON MA. 
CHINE FREE OF GREASE, OIL AND ICE. 


National Safety Council 


Twenty ways to safe operation of power shovels and cranes. 
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Loads should not be swung over the heads of workmen. 

A shackle or moused hook should be used with swinging buckets. 
A bucket may strike an obstruction and be lifted off an open hook. 


13-10.4 Moving Cranes 

Cranes should be moved only when directed by a signalman. 
Workmen on the ground should be kept away from the machine 
and care should be taken to keep clear of the cab when it is turning. 

No one should be permitted to get on or off a moving crane. 


13-10.5 Electrical Power Lines 

A most serious hazard in crane operation is contact with electrical 
power lines. A minimum distance of six feet is recommended be¬ 
tween boom and all power lines. If possible, all interfering wires 



Contractors and Engineers Montniy 

Illustration 13-6 

Cranes passing under electric wires must lower booms. 
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should be relocated during construction. It should never be as¬ 
sumed that a power line taken out of service is harmless, as it may 
be inadvertently switched back into'the circuit at any time or may 
be energized by feed back from the power system. Where equip¬ 
ment must pass under power lines, the installation of a safetv guard 
as illustrated on page 13-13 is recommended. 

If an energized power line is contacted, all personnel should be 
kept away from the machine. The operator should stay with the 
machine until boom is cleared. If the operator must leave the ma¬ 
chine, he should jump clear and should never climb down so as 
to form a contact between the machine and the ground. 

73 - 70.6 Securing Machine 

Power should be cut-off and all controls locked before the oper¬ 
ator leaves the cab. 

Boom should be lowered to the ground when leaving the machine 
overnight or for a longer period of time. 

The operator should never leave the machine while a load is sus¬ 
pended. 

Cranes should not be left near the edge of an excavation or in 
an area that may be made impassable or unstable by rainfall, flash 
flood, etc. 

13-11 DERRICKS 

73-7 7.7 Guy Derricks 

Derricks should rest on a good foundation and be securely braced 
to prevent slipping. They should be well anchored, especially the 
foot of the mast, which may slip out of place when the boom is near 
the horizontal. Derricks and foundations should be inspected fre¬ 
quently. 

The top of the mast should be braced by not less than six guy 
lines equally spaced. More should be used for heavy lifts. Care 
should be taken to provide safe anchorage for guy lines. Deadmen 
should be sufficiently large, properly buried and arranged so as to 
safely take the pull of the guy. Guy lines must be kept away from 
contact with electric wires. 
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Power Crane and Shovel Association 


Illustration 13-7 

Hand signals for shovel and crane operation. 


Sufficient horizontal shoring should be installed against the foot 
blocks of the derrick to take the pull of the hoisting engine. Foot 
blocks should be securely anchored. 

The gudgeon pin should be carefully examined each time the 
derrick is erected. It should be cleaned with kerosene and a search 
made for hair cracks. If cracks are discovered, a new pin should 
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be installed. The gudgeon pin, sheave pin, and foot bearing should 
be oiled regularly. 

When work is stopped for any length of time, the boom should 
be lowered to the horizontal position to prevent it swinging in the 
wind or being tampered with. 

Special care should be taken if the boom is longer than the ma«t 
because when hoisting is being done with the boom near the vertical 
position the boom fall is liable to pull the top goose neck of a stiff- 
leg derrick, or the spider of a guy derrick, off the gudgeon pin. 

Double sets of bolts should always be used to fasten back the legs 
of a stiff-leg derrick. 

Particular attention should be given to the weighting of stiff-leg 
derricks. The material for weighting should be enclosed in well* 
constructed boxes. 

String holding-down guys should be used to hold the goose neck 
or spider in place, and cotter pins should not be depended upon for 
this purpose. 

13-11.2 Breast Derricks 

Breast derricks are used principally for setting stone, and are 
usually operated by hand. 

Gears should be thoroughly protected and provided with a ratchet 
stop that will safely hold the 
load. 

A brake and pawl is not 
usually provided, and particu¬ 
lar care should be exercised 
when the load is lowered by the 
hand cranks so that the crank 
handles do not come off unex¬ 
pectedly. If one handle should 
slip off it would throw an un¬ 
expected load on the other man 
and his handle might be jerked 
from his hand. 

A hole should be drilled in 
each of the gear shaft outside 
the crank handle, and a cotter 



Cor pa of Engineers 


Illustration 13-8 

To insure safe crane loading, a boom 
angle indicator has been installed on 
this crane. 


. 13-16 


June, 1958 














pin (not a nail or piece of wire) should be placed in each hole so 
that the handle cannot work off the shaft. 

Mechanical brakes should be provided, and the operator should 
be sure that the brake will safely hold the load. Before lowering 
the load by the brake, cranks should be removed so that no one 
can be struck by them. 

It is common practice to guy breast derricks from one direction 
only, but a front guy should also be provided. Where this is not 
possible the derrick should be made secure against falling backward 
by some other method. 

73-7 7.3 Pipe Laying Derricks 

Derricks used for laying pipe are usually of two types, the three- 
or-four-legged derrick that straddles the trench or the derrick 
mounted on a motor truck or tractor. 

When using the former type, care should be taken to place the 
legs securely on the sides of the trench. If necessary, trench edges 
should be shored to prevent caving. 

Top and bottom blocks should be guarded to prevent workmen's 
fingers being caught between rope and blocks. 

Winding drum should be equipped with a friction brake and a 
positive pawl. 

Gear wheels should be thoroughly guarded, even though the 
mechanism is hand driven. 

All blocks, hooks, slings, brakes, and ropes should be inspected 
at the start of each shift. 

When derricks are left on the street at night the rope should be 
wound up until the blocks meet, drum wheels secured and locked, and 
warning lights placed if required. 

The loads on motor truck derricks should not be heavy enough 
to overturn the truck. If in doubt, test the load by lifting it carefully 
a few inches from its resting place. If outriggers are used they 
should be set securely before the load is lifted. 
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GOOD AND BAD RIGGING PRACTICES 
Use of Chokers 




Bad — Because of 
cutting action 
of eye splice on 
running line. 



No cutting action 



Eye Splices 



Bad Practice 

Wire rope knot with clip. Efficiency 50% or less. 



Bad Practice — Thimble should be used to increase strength 
of eye and reduce wear on rope. 



Bad Practice — Hook 
openings should be 



Illustration 13-9 

Good and bad practices with wire rope. 
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Men working with any type of crane or derrick should familiarize 
themselves with the manufacturer’s table of lifting capacity for 
that crane. 

13-12 GIN POLES 

Gin poles should have no less than four guy lines, secured approxi¬ 
mately 90 degrees apart. 

Anchors should be at least one-half the distance of the height of 
the pole from its base, and should consist of approved deadmen or 
be attached to a permanent stable object. When guy lines are 
anchored to deadmen, the anchors should be located at least 1^4 
times the height of the pole from the base. 

Gin poles should be of selected timber, sound and free from knots, 
and should be securely fastened at the foot to prevent kicking out 
during operation. 

Gin poles should not be spliced if it can be avoided, but when it is 
necessary, splices should be made with planking at least four feet 
long. Such planks should be securely bolted to all four sides of the 
pole. If they are nailed they should also be lashed at the same point. 
Additional guy lines should be attached at the point of splice. 

13-13 SLINGS 

An experienced man should be placed in charge of all slings on 
the job and should be held responsible for their good condition. 
They should be frequently inspected and a record kept of their age. 
If slings are of wire rope they should be lubricated at regular 
intervals. 

The eyes of rope slings should be properly spliced in and should 
have thimbles in them to withstand wear. 

Slings should not be bent around sharp corners of the load. This 
can be prevented by using pieces of rounded wood, heavy bagging, 
or old rubber tires to protect the sling. 

When lifting a load with multiple slings, they should be arranged 
so as to equalize the weight of the load as much as possible. 

When plates are lifted they should be held by clamps that hold 
firmly under the load. 
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SECTION 14-STEEL ERECTION 

14-1 HOISTING 

Cranes and derricks should not be operated within reach of power 
or trolley wires. A high voltage wire can cut wire rope instantly 
and may drop the load onto vehicles or pedestrians. 

If cranes or derricks—or any other machinery—come into con¬ 
tact with live wires, the current will be transmitted to workmen, 
possibly causing electrocution. Even a low voltage may shock 
a man enough to throw him to the ground or into the machinery. 

14-2 RIVETING 

Care should be taken in throwing rivets, and provision should 
be made so that they cannot fall and strike or burn persons or 
property below. 

The snaps and plungers of pneumatic hammers sometimes drop 
out. They should be secured by a piece of annealed wire around the 
handle of the hammer, in such a way that there will be sufficient 
slack to operate the hammer properly, but not enough to allow the 
snap to drop out of place. The nozzle of the hammer should be 
inspected periodically, and the wire attachment renewed when worn. 
Use canvas, leather or rope slings for riveting dollies. Do not 
use chain slings. 

All rivets, bolts, nuts, dollies, wrenches, or other loose articles 
should be kept in boxes so that vibration will not cause them to 
creep and fall through or over the edge of planking. 

Riveters and rivet heaters should use all precautions to prevent 
fires. Each rivet heater should have a pail of water at hand at all 
times for emergency use, and should quench his fires at quitting 
time. 

14-3 TEMPORARY FLOORING 

In buildings or other structures of skeleton construction, the 
entire tier of beams on which the structural iron or steel work 
is being erected, generally calle<3 the working floor, should be 
thoroughly planked over, except for the openings required for erec¬ 
tion work. 
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Mine Safety Appliance Co. 

Illustration 14-1 

Miners headlamps used to illuminate work in the closed interior of bridge 
towers. Rivets were supplied through pneumatic tubes from outside heater 
stations. Note wire attachment on rivet gun. 
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In buildings of wood joist or mill construction, the under floor¬ 
ing should be laid for each story as the building progresses, or if 
double floors are not to be used, the floor two stories below the one 
where work is under way should be planked over. 

Planks used for temporary flooring in skeleton construction 
should not be less than two inches thick. They should be placed 
so that they cannot tip over under the weight of the worker at 
any point, and secured so they cannot slip out of place. They 
should be laid close together to form a solid floor, and should overlap 
at least four inches at the ends. Permanent stairways should be in¬ 
stalled as soon as working conditions will permit. 

Men working below riveting gangs should be protected from 
falling objects by having planked floor between them and the rivet¬ 
ing gangs. These men should also have the additional head pro¬ 
tection afforded by a hard hat. 

14-4 INSPECTION 

There should be frequent and careful inspection of all rigging, 
falsework, derricks, travelers, erection cars and other equipment. 

14-5 RIDING LOADS 

Employees should not be hoisted or lowered in tackle and runner 
lines or on the load. 

14-6 GENERAL 

Sheets or small bundles of material should be hooked so they 
cannot slip out. 

In setting steel each piece should be securely bolted before the 
line is taken off. 

When setting steel trusses, they should be securely side or cross 
braced until permanent braces are in place, as the leverage on the 
bottom bolts may be enough to allow the trusses to top over under 
wind pressure or jar. 

When using two chains or slings it should be remembered that 
the strain is increased the farther apart they are spread. 
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Unless necessary, material should not be hoisted to a structure 
until it is ready to be put into position and fastened. 

14-7 THROWING RIVETS 


When metal buckets, pails or 
they should have false bottoms 
of soft wood. Cone shaped cans 
should be used when they are 
available. 

14-8 SAFETY NETS 

Where it is not practicable 
to use temporary floors on 
structures, nets of Manila rope 
should be suspended below 
points where men are working 
more than 25 feet above the 
ground. Such nets should be 
made of at least one-half inch 
diameter Manila rope with 
three-quarter inch diameter 
borders and four by four inch 
mesh. The borders should be 
provided with loops so that 
they can be easily combined 
with each other or securely, at¬ 
tached to convenient joints 
on the structure frame. 


cans are used for catching rivets, 



Bethlehem Pacific Coast Steel Corp. 

Illustration 14-2 


Safety nets should be provided where 
needed. Note hard hats, gloves, and belt 
holsters for tools. 
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SECTION 15 - S 


ING 


15-1 GENERAL 

Scaffolds and other elevated work platforms are responsible for 
many accidents through falls and falling objects. Properly designed 
and constructed scaffolding and staging may be used with no greater 
hazard than any other work area; improper or makeshift scaffolds, 
on the other hand, generally prove to be sources of trouble. 

Scaffolds should be designed, built, and inspected by competent 
persons. To avoid the use of makeshift platforms, each job should 
be carefully examined ahead of time so that all necessary ramps 
and platforms, can be provided when needed. 

15-2 MATERIALS 

15-2.1 Lumber 

All lumber used in constructing ramps, platforms, staging, scaf¬ 
folding, etc., should be of good quality, seasoned and straight¬ 
grained, free of large loose or 
dead knots and knots in groups, 
checks, splits and other defects 
which tend to decrease the 
structural strength. 

1 5 - 2.2 Nails 

All nails should be driven 
home. No nail should be sub¬ 
jected to direct pull. A mini¬ 
mum of four nails per joint is 
recommended. The size of the 
nail used will depend upon the 
load that must be carried by the 
joint and the thickness of the 
material being joined, one-inch 
stock requiring 8d nails, two- 
inch stock requiring 16d nails, 
etc. 

Double-headed nails are recommended if structure is to be dis- 
mantled for reuse. 



Corps of Engineers 

Illustration 15-1 


Wood scaffolding on lock gate. Note 
wide platforms, guard rails, ladders 
staggered at each working level. 
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15-2.3 Metal Members and Connections 

Metal structural members, fasteners, hand rails, etc. should be 
clean and rust-free. Maintenance of a sound paint coat will assist 
in this task. Patent connections, ladder-jacks, lifting devices, and 
other hardware should be kept in working order and maintained in 
accordance with manufacturers’ instructions. 

15-3 DESIGN 

Kach scaffold should be designed for the loads which will be 
carried in the performance of the work at hand. All loads, in¬ 
cluding workmen, building materials, and the weight of the scaffold 
structure itself must be taken into account. 

The structure should be designed to withstand four (4) times as 
much load as it is expected to carry in use. 

Adequate footings should be provided for uprights, especially 
when they rest on earth, sand, or loose material. 

Cross bracing to provide stability must be provided. 

Permanent ladders or stairs should be provided. If ladder is used 
it should be secured firmly against slipping and overturning. Ladder 
may be of standard manufacture, or may be built on the job. (See 
Section 16.) 

Adequate head protection must be provided men working on the 
scaffold if work is being carried out overhead. A roof of lumber, 
heavy canvas, or screen wire should be used, as appropriate. 

Hand rails and intermediate rails should be provided on all open 
sides of working platforms. 

Screening is recommended. 

Toe-boards should be installed on all open sides of working 
platforms. 

15-4 POLE SCAFFOLDS 

15-4.1 Independent Pole Scaffolds 

Illustrations 15-2 and 3 show typical independent pole (or built- 
up) scaffolds. Very little support is derived from the building under 
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construction; however, connections to the building do provide im¬ 
portant stability to the scaffold structure and should be made at 
convenient points. 

For purposes of design recommendations, pole scaffolds have been 
classified “light trades” and “heavy trades.” The former includes 
carpenters, painters, and other trades which will not bring heavy 
material loads upon the working platform. The “heavy trades” 
include bricklayers, stonemason, concrete workers, and steel workers. 

15-4.2 Single Pole Scaffolds 

Single pole scaffolds differ from independent scaffolds in that 
only one side is supported by uprights, one end of each ledger be¬ 
ing carried by the building under construction itself. See Illustra¬ 
tions 15-4 and 5. 

Construction principles are much the same, excepting that heavier 
ledgers are recommended, and more numerous connections should 
be made to insure against swinging of the scaffold away from the 
building. 

Ledgers should be notched from 4 l / 2 to 5 inches when inserted 
in a brick wall. If patent steel seating attachments are utilized, 
care must be taken to insure that the end is securely seated. If 
spring stays are used to tie the scaffold to the building, place wood 
block, brick, or other separator near the end of the stay closest to 
building. 

Notch wood ledgers from the upper side. 

If working platforms are removed as work progresses upward, 
ledgers should be left in place for structural strength and rigidity. 

Single-pole scaffolds should be cross-braced in both directions, 
along the face of the building as illustrated for independent scaf¬ 
folds, and at right-angles to the building face at every third or 
fourth upright. 

15-5 TUBULAR STEEL SCAFFOLDING 

15-5.1 General 

The increasing use of steel scaffolding has led to the inclusion 
of greater detail on this subject in this edition of the manual. Steel 
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scaffolds are more durable than wood structures, and offer a great 
advantage in being fire resistant. It must be remembered in this 
connection that wood platforms, canvas covers, and the like, which 
may be used with steel scaffolding are flammable. 

Steel scaffolding should be erected and used in accordance with 
manufacturers’ recommendations. Proper seating and locking of 
all connections, using the correct devices, is of extreme importance. 

15-5.2 Footings 

Firm footing must be provided for each upright; a metal plate 
is most satisfactory and may be provided with scaffolding. It 
may be necessary to supplement with planking or other support in 
loose material, minimum thickness of lumber recommended for this 
purpose, two inches. Footings should be secured against move¬ 
ment by recessing, staking, or other means. 

15-5.3 Uprights 

All uprights must be plumb. For scaffolds less than 75 feet 
high, minimum outside diam¬ 
eter of tubing of 2 inches is 
recommended. For scaffolding 
above this height, 2*4 inches 
minimum. 

15-5.4 Platforms 

Platforms are usually con¬ 
structed of wood planks, and 
the minimum sizes prescribed 
for use in connection with pole 
scaffolds are suggested. As 
most ledgers will be single 
members, platform planking 
will usually be lapped for con¬ 
tinuity. All lap joints should 
be made at ledgers, minimum 
six inch lap on each side of ledger member. 

15-5.5 Toe Boards 

Toe boards are usually nailed to uprights when erecting wood 
pole scaffolds. Because tubular scaffold uprights are metal, toe 



Patent Scaffolding Co. 

Illustration 15-6 


Firm footing is provided by planking 
sills under base plates. Level is used to 
check vertical plumb and horizontal 
true during and after erection. 
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boards must be nailed to platform planks or fastened to uprights 
with bolts or other suitable connection. 

75 - 5.6 Guard Rails 

Guard rails must be secured to uprights by connectors designed 
for this use. Some steel scaffolds include diagonal bracing which is 
placed so as to function as a guard rail. If properly located in rela¬ 
tion to the working platform, this use of bracing is satisfactory. 
If guard rails are added to tubular scaffolds, tubing with a minimum 
outside diameter of \ l / 2 inches is recommended. 

The most frequent abuse of safe practice in the use of the tubular 
scaffolds is the omission of toe boards and guard rails. Including 
these items adds very little to the cost and time of scaffold erection, 
and will be paid for in terms of safe working conditions. 

75 - 5.7 Bracing 

Tubular scaffold uprights are generally much smaller in diameter 
than timber posts for the same 
size scaffold. It is extremely 
important that (1) uprights 
be erected and maintained in 
vertical (plumb) position, and 
(2) that diagonal bracing be 
provided. As work progresses 
upward and platforms are re¬ 
moved, it is important that all 
ledgers be left in place to pro¬ 
vide rigidity. If scaffold is 
tied into masonry construction, 
all ledgers should be securely 
set into vertical masonry joints 
by means of a suitable clincher 
plate, with a minimum thick¬ 
ness of 3/16 inch. 

15-6 HOUSEKEEPING AND INSPECTION 

The following general rules are prescribed for maintaining all 
types of scaffolding in a safe working condition. 
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Patent Scaffolding Co. 

Illustration 15-7 


All connecting bolts should be tight¬ 
ened. Note plank footing sills and check 
of horizontal member with level. 










(1) All scaffold structures should be inspected at least daily 
by the project manager, project engineer, or other respon¬ 
sible person designated by the job superintendent to per¬ 
form this task. 

(2) No change of any kind should be made in scaffolds without 
the approval of the construction engineer. 

(3) The structure should be cleared of all rubbish daily. No 
tools should be left on scaffolds overnight. 

(4) No materials should be stockpiled on scaffolding. 

(5) Notices regarding the use of scaffolds, when needed, should 
be conspicuously displayed and observed. 

(6) Scaffold structures should be protected from trucks and 
other vehicles which might come into contact with them. 



Outrigger scaffold. Span limit 7'-6". For multiple scaffold, outriggers should 

be at least 3' x 16". 
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(7) Working platforms should be free of ice, snow, oil, etc., be¬ 
fore being used. 

(8) No open fire should be permitted upon or near wooden scaf¬ 
folds or metal scaffolds with flammable components. 


15-7 OUTRIGGER SCAFFOLDS 

75 - 7.7 General 

An outrigger scaffold is a working platform supported by canti¬ 
levered or braced outrigger beams or “thrustouts.” 

The use of this type of scaffold is not recommended where any 
other type can be used. Construction should be assigned only to 
skilled and experienced mechanics. 


75 - 7.2 Thrustouts 


Use only first-grade straight grained timber, minimum dimension 
3 x 10 inches, set on edge. The inner end must be securely and 
rigidly anchored to the structure, and under no circumstances should 
this end be held in place by weighting. Thrustouts must be secured 
against overturning by the use of blocking or 
bracing. Steel beams may be used for support, 
recommended minimum size 6" I-beams, 12.25 
pounds per foot. Maximum recommended ex¬ 
tension of thrustouts beyond face of building is 
6 feet. Thrustouts should not be built into the 
wall of the structure and left with no other sup¬ 
port. When loading conditions warrant added 
support, braces extending from the outer ends 
of thrustouts and secured to the structure below 
may be utilized. 

A stop bolt at the outer end of thrustouts 
will prevent hanger from working free of beam 
ends. 



Employers Mutuals 

Illustration 15-9 
Light Outrigger 
scaffold. Span limit 
10 ft. 


It is further recommended that trustouts be 
spaced not more than 6 feet center-to-center 
along the length of the platform. 
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75-7.3 Platform 


Minimum platform planking 2 x 10 inches. Planks should be 
closely laid, and securely nailed to thrustouts. Planks should be 
lapped over thrustouts, minimum lap 12 inches. 

Minimum overhang beyond thrustout at platform ends 4 inches, 
maximum 12 inches, ends securely nailed and guard-railed. 

7 5-7.4 Toe Board 

Toe board should be provided along the outside edge of plat¬ 
form and at open ends, minimum 1 x 6 recommended. 

7 5-7.5 Railing Uprights 

Upright members should be long enough to support top guard 
rail minimum of 36 inches above the platform, and to extend 12 
inches below the outrigger. The lower end shall be securely braced 
to the outrigger. Minimum size recommended for uprights, 2x6 
inches. 

15-8 SWING STAGE SCAFFOLDS 

7 5-8.7 General Requirements—All Types 

Swinging scaffolds are supported by hooks of suitable design 
which attach to the eave, cor¬ 
nice or parapet wall of the 
structure. These hooks should 
be correctly shaped to securely 
engage the available support, 
and should be anchored by rope 
or cable where necessary. 

Hooks should be of wrought 
iron or mild steel, %" diameter 
or of equivalent minimum 
area. 

All swinging scaffolds should 
be lowered to the ground and 
tested before using by loading 
with four times the load that 
will be carried and then raising 
a foot or so above the ground. 



Patent Scaffolding Co. 

Illustration 15-10 


Frequently inspect all bearing points, 
ratchets and pawls on suspended and 
swinging scaffold supports. 
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The suspender ropes or cables should be carefully and fre¬ 
quently inspected, and replaced when necessary. All blocks and 
sheaves should be of the size recommended for the rope or cable 
being used. If manila rope is used in connection with acids or 
chemicals, care must be taken to avoid damage at all times by 
covering rope near working area. When acids or chemicals are 
being used, steel cable is recommended. 

No more than two workmen should be permitted on a swinging 
scaffold. 

The stirrup or hanger supporting each end of the platform shall 
be of standard design, made of mild steel or wrought iron. These 
stirrups should provide for the attachment of guard rails and toe 
boards on one side of the platform. Stirrups should be equivalent 
in cross-sectional area to % 
inch round bar, minimum thick¬ 
ness % inch if made of flat 
stock. 

15-8.2 Safety Lines 

A safety line, hung inde¬ 
pendent of the scaffold and 
reaching to the ground, should 
be provided for each workman 
on a swinging scaffold. Ap¬ 
proved safety belt or lanyard 
should be used to hook on to 
the safety line. 

If the platform is raised and 
lowered with block and tackle, 
the hook of the lower block 
shall pass through the eye or 
loop provided in the stirrup. 

When the platform is in posi¬ 
tion, the free end of the sus¬ 
pending rope should be se¬ 
curely fastened to the point of the hook with a non-slip hitch. 
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Rope-grab shock absorber. Used with 
safety lines which are recommended in 
conjunction with all scaffold work and 
other work exposing men to risk of 
falling. 
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Illustration 15-12 
Needle beam scaffold. 


ENLARGED VIEW 
SCAFFOLD HITCH 
AND FASTENING 
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J5-8.3 Scaffold Machines 

A number of mechanical devices for lowering and raising scaf¬ 
folds are now marketed, and are recommended in preference to 
block and tackle. 

Both hand-crank and electric motor-driven devices are available. 
The mechanism in most is an integral part of the stirrup or plat¬ 
form support. 

Both hand or motor-driven devices should incorporate a positive 
locking feature. The lock and winch mechanisms should be main¬ 
tained in first-rate operating condition at all times, and should be 
inspected frequently. 

Manufacturers' recommendations pertaining to installation, use, 
maintenance, storage, and loading should be carefully studied and 
observed at all times. 

It is extremely important that the platform be kept level at all 
times during raising or lowering. 

Scaffolds should not be used for the storage of materials. 

No more than two workmen should be permitted on a single 
scaffold. 

When scaffold is in working position, suspender ropes should be 
secured (or winches locked), and the scaffold should be tied to 
the structure to prevent swing. Rigid projecting arms should be 
provided to prevent movement toward the building. 

When not in use, scaffold should be securely lashed in place or 
lowered to the ground. All tools and movable objects should be 
removed when not in use. 

Swinging scaffolds should be operated independently, never lashed 
together or connected with planks or other bridging. 

15-8.4 Guard Rails 

Top guard rail should be first-grade lumber of correct size to fit 
the bracket provided in stirrup used and should be supported at 8 
foot intervals. Wedges should be used to lock the rail in place. 

Intermediate guard rail should be minimum 24 inch manila line. 

Rigid support afforded by a 2 x 4 is preferable. 
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The top rail should be at least 36 inches but not more than 42 
inches above the working platform. The intermediate rail should 
be at approximately one-half of this height. 

15-8.5 Toe Boards 

Toe board should be provided on the outside edge of the plat¬ 
form. Minimum 1 x 6 is suggested. 

15-8.6 Platforms 

(a) Ladder 

Only manufactured ladders shall be used for platform bear¬ 
ing. Platform may be fabricated of ^4 x 3 inch boards or 
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inch plywood; in either case, the space between side 
stringers should be completely filled. 

(b) Plank 

Platform should be minimum two 2 x 10 planks, cleated 
together on the under side at maximum intervals of 5 feet 
with 1x6 lumber cut to length. 

15-9 SUSPENDED SCAFFOLDS 

75-9.7 Use 

Suspended scaffolds consisting of a platform hung from canti¬ 
levered supports are most commonly used on steel or concrete 
frame structures. 

75-9.2 Supports 

The cantilevered supports should be securely fastened to the 
structural frame by means of 
V-bolts, beam clamps, or other 
suitable connection. Rope tie¬ 
downs and the use of bent re¬ 
inforcing bars are not advis¬ 
able. The use of weights to 
hold down the ends of thrust- 
outs is also not recom¬ 
mended. 

Minimum size of supports 
recommended: 7" I-beam, 15.3 
lbs. per foot, at least 15 feet 
in length, webs vertical. 

Thrustout should project 
at least 12 inches beyond sus¬ 
pended scaffold, and should be 
provided with a stop bolt. 

Blocking and lateral bracing 
should be hardwood. 



Patent Scaffolding Co. 

Illustration 15-14 

Movable scaffold platforms have many 
applications. Note access ladders and 
substantial guard rails. If mounted on 
casters, wheels should be chocked or 
otherwise locked against rolling. 
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75-9.3 Suspender Cables 

Wire rope with minimum breaking strength of 10,000 pounds is 
recommended. Fastenings should be wrought iron shackles and 
bolts. All bolts should be secured with nuts, not thrust loosely into 
holes. 

Upper ends of cable should have thimbled loops, and a bolt fas¬ 
tened securely with a nut passing through the thimble and the 
shackle. 

The lower cable ends should be fastened to the hoist drum by 
passing through a hole in the drum and securing with a clip. 

75-9.4 Platforms 

Wood bolsters should be at least 4x6. Structural steel bolsters 
should be at least 2 x 2 *4 angle or equivalent other section. 

Planks should be at least 2 inches thick, and the ends should over¬ 
lap bolsters not more than 18 inches. 

Platform sway should be prevented by tying to the building. 

Spacers or rollers will hold the platform at the proper distance 

75-9.5 Guard Rails and Toeboards 

Hand rail and intermediate rails should 
be provided. Use minimum 2x4 lumber. 
1x6 toeboard is recommended. 

Covering the space between the top rail 
and the toeboard with No. 16 U.S. gauge 
wire netting, with not greater than 1%" 
mesh, is suggested. 

75-9.6 Overhead Protection 

Adequate overhead protection should be 
provided if work is going on above scaf¬ 
fold position. 

15-10 LADDER JACKS 

Ladder packs should be used only in con¬ 
junction with manufactured ladders in good 


trom the building. 



Illustration 15-15 

Boatswain’s chair. Ropes 
spliced on underside of 
seat. 
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condition. Ladder jacks should not be used at heights greater than 
22 feet, and in no event should they be applied to extension ladders. 

The jack should bear on the side rail of the ladder, and care 
must be taken to insure a level platform between ladders. 

No more than one workman should be permitted on a ladder- 
jack scaffold. 

The feet of all ladders used in this connection should be secured 
as described in Section 16 of this Manual. 

Platforms should be constructed of minimum of two 2 x 10 inch 
planks, maximum span between supporting jacks ten feet, overhang 
at supports minimum 4 inches, maximum 8 inches. 

15-11 STORAGE OF SCAFFOLDS 

All scaffolding should be carefully stored when not in use. 

Metal and wood scaffold materials carelessly heaped in storage 
yards are liable to damage from 
exposure to weather, careless 
handling, and other causes. 

A covered storage area will 
protect expensive material, and 
will contribute to the safe con¬ 
dition of scaffolding in use. 

Storage time offers an op¬ 
portunity for inspection, repair, 
and preventative maintenance. 

Wooden scaffolding should 
not be painted, as this will cover 
defects that may develop. 



Illustration 15-16 

Scaffold machines should be equipped 
with a positive locking device to hold 
scaffold in position. Note substantial 
guard rails in brackets provided. 
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SECTION 16-LADDERS 

16-1 GENERAL 


Ladders present one of the major hazards in construction work 
and their use is the cause of 

-FIXED LADDER RANGE-H 


many serious accidents. An 
analysis of 150 accidents in¬ 
volving ladders revealed that 
the four principal causes of 
such accidents are (1) climb¬ 
ing or descending improperly, 
(2) failure to secure ladder at 
top and/or bottom, (3) struc¬ 
tural failure of the ladder it¬ 
self, (4) carrying objects in 
hands while climbing or de¬ 
scending. 
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Great care should be used in 
the selection of the proper size 
and design of the ladder for 
the use intended; in the con¬ 
struction of built-up ladders on 
the job, and in maintenance and proper use of all types of ladders. 
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Illustration 16-1 
Pitch of fixed ladders. 


16-2 STOCK LADDERS 

76-2.7 Construction 

a. Wood. Stock ladders should be solidly constructed of straight 
grain materials and free from defects. Siderails should be of spruce, 
maple, cypress, or similar species of woods, perfectly smooth and 
free from slivers. Rungs should be oak, hickory, or ash. 

b. Metal. Siderails of metal ladders should be of sufficient 
cross-section to prevent extreme deflection when in use. Rungs 
should be corrugated, coated with skid resistant material or other¬ 
wise treated to minimize slipping. 

All stock ladders should be equipped with proper safety shoes. 





16-2.2 Inspection and Testing 

a. Wood. Wood ladders 
should be inspected frequently 
for damage and deterioration. 

Close visual inspection is recom¬ 
mended in preference to load 
testing. Jumping on a ladder 
which is supported horizontally 
subjects the ladder to more 
severe loads than it is intended 
to carry and may result in 
damage that can lead to sud¬ 
den failure while in use. 

b. Metal . Frequent inspec¬ 
tion of metal ladders is recom¬ 
mended. All parts should be 
checked for wear, corrosion, 
and structural failure. 

c. Ladders of all types 
should be carefully inspected 
if accidentally dropped or 
otherwise damaged in use. 

76-2.3 Maintenance 

a. Wood. Wood ladders should be periodically treated with a 
clear preservative such as varnish, shellac, or linseed oil. Painting 
is not advisable as defects and deterioration may be covered up. 

b. Metal. Rungs should be cleaned to prevent accumulation of 
materials that might destroy non-slipping properties and all metal 
fittings should be carefully checked. 

c. When not in use, all types of ladders should be stored under 
suitable cover protected from the weather. Ladders stored hori¬ 
zontally should be supported at both ends and the intermediate points 
to prevent sagging of the middle section which tends to loosen the 
rungs and warp the rails. 



Safety Tower Ladder Co. 


Illustration 16-2 

Ladder safety devices may be installed 
which will prevent accidental falls. 
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Illustration 16-3 


Methods of securing ladders. 


16-2 USE 

The foot of the ladder should be placed approximately *4 of its 
length away from the vertical plane of its top support. Only light, 
temporary work should be performed from ladders. Workmen 
should be cautioned frequently about the danger of trying to reach 
too large a space from a single setting. Time taken out to move 
a ladder will result in safer work. 

Ladders should not be placed in front of doors which open toward 
the ladder unless the door is locked or otherwise guarded. 

Ladder feet should be placed on a substantial, level base, and the 
area in the vicinity of the bottom should be kept clear. 

Both top and bottom of the ladder should be secured to prevent 
displacement. Use safety feet, stakes, or other means of securing. 

Ladders leading to landings or walkways should extend at least 
36 inches above the landing and should be securely fastened. Long 
ladders should be braced at intermediate points as necessary to pre¬ 
vent spring. 

All metal ladders are electrical conducters. Their use around elec¬ 
trical circuits of any type, or places where they may come in contact 
with such circuits, is not recommended. Metal ladders should be 
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marked with signs reading, “CAUTION—DO NOT USE 
AROUND ELECTRICAL EQUIPMENTS 

In ascending or descending ladders, workmen should face the 
ladder and use both hands to hold onto siderails. If material must 
be moved, a rope, block and pulley, or other means, should be used. 

Do not splice ladders. 

Ladders should never be used in a horizontal position as runways 
or scaffolds. 

16-3 STEP LADDERS 

Step ladders should be solidly constructed of straight-grained 
material free from defects. Steps should be secured to the side- 
rails by means of nails or screws and reinforced with tie rods be¬ 
tween siderails, under each step. 

The ladder should be equipped with an automatic locking device 
or spreader to hold it in an open position. Step ladders should 
always be used in a fully open position. They should not be used 
as straight ladders. 

Step ladders should not be used where strenuous action on the 
part of the workman is required. 


16-4 BUILT-UP LADDERS 

7 6-4.7 General 

Ladders built on the job are often constructed with imperfect 
material selected at random from the scrap lumber. Improper de¬ 
sign, inferior materials, and poor workmanship are often the cause 
of ladder failure or falls from ladders. All material should be 
thoroughly seasoned, straight-grained, and free from knots, decay, 
and other defects. All surfaces should be planed, free of splinters, 
and edges where handrails are used should be beveled. 


7 6-4.2 Materials 

Wood structural tests of National Lumber Manufacturers' Asso¬ 
ciation indicate that the strength for stress in compression parallel 

June, 1958 

16-4 







June, 1958 


16-5 


SINGLE CLEAT LADOER 































































16-6 


June, 1958 

















































































to the grain and up-rights varies according to the length of the 
slope of the grain as follows: 

Slope of Grain Strength Ratio 


1 in 15 
1 in 14 
1 in 12 
1 in 10 
1 in 8 
1 in 6 


100 % 

87% 

82% 

74% 

66 % 

56% 


Rung spacing should be uniform and not over 12 inches on 
centers. The wood for rungs should be oak, hickory or wood of 
equivalent strength and should be clear, straight-grained, and en¬ 
tirely free of knots. 

Rungs should be recessed % inch into rails, or strips the thick¬ 
ness of the rungs and the width of the rails should be placed be¬ 
tween the rungs and nailed to the up-rights. 


16-4.3 Heavier Trades Ladders 


Heavier trades ladders should not exceed 20 feet in length. The 
following table of dimensions is recommended. 


Length in 

Inside Width in 

Cross Section 

Cleats 

Feet 

Inches 


of Up-rights 



Bottom 

Top 



10 to 12 

20 

17 

2" x 4" 

H" x 3" 

12 to 16 

21 

18 

2" x 4" 

%" x 3" 

16 to 20 

23 

20 

2" x 6" 

%" x3y A 


16-4.4 Lighter Trades Ladders 

Lighter trades ladders should not exceed 26 feet in length. The 
following table gives recommended minimum sizes for ladders used 
in lighter trades. 

Length in Inside Width in Cross Section Cleats 

Feet Inches of Up-rights 

Up to 12 12 at top rung 2" x 3" x 3" 

12 to 20 wider at each 2" x 4" %" x 3" 

20 to 26 succeeding cleat 2"x6" %" x 3y" 
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Illustration 16-6 


Corps of Engineers 


Substantial access stairway for installation which will be used for longer 
periods of time. Note hand rails, ties to structure at top. Enclosed ladder pro¬ 
vides access to top level. 
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Top and bottom of each built-up ladder should be securely 
fastened. 


Ladders serving more than two story heights should be con¬ 
structed to serve each floor level. When fixed ladders are used to 


ascend to heights exceeding 30 
feet, landing platform should 
be provided. 

The use of a clear preserva¬ 
tive rather than paint to pro¬ 
tect ladders is recommended. 

Areas at the top and bottom 
of all ladders should be kept 
clean and free of rubbish and 
debris and should be adequately 
lighted. 

16-5 STAIRWAYS 

The too general use of lad¬ 
ders should be discouraged. If 
passage is to be continued for 
any length of time, safety and 
economy would be obtained by 
the use of temporary stairways, 
substantially built, with rail¬ 
ings, toeboards, and landings 
and wide enough for at least 
two persons to pass. 
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Safe angles for stairs. 


Tread 

Riser 

Angle with 
horizontal 

i2y 2 " 

5" 

22°-00' 

12" 

554" 

24°-38' 

ii w 

6" 

27°-33' 

ii" 

654" 

30°-35' 

1054" 

7" 

33°-4l' 

10" 

754" 

36°-52' 

9^4" 

8" 

40°-08' 

9" 

854" 

43°-22' 

854" 

9" 

46°-38' 

8" 

954" 

49°-54' 


References 

American Standard Safety Code for Fixed Ladders. 
American Standard Safety Code for Portable Metal Ladders. 
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SECTION 17-POWER TOOLS 


17-1 GENERAL 

The use of portable power tools has increased greatly in recent 
years. The majority of power tool accidents are caused by im¬ 
proper handling and poor maintenance of equipment. Both of 
these can be overcome by proper training of personnel. The follow¬ 
ing apply to all types of power tools: 

1. Good Housekeeping is essential to good workmanship. All 
tools should be neatly stowed when not in use. Work areas should 
be maintained in a neat and orderly fashion. 

2. Maintenance of Equipment should be systematic. All worn 
or damaged equipment should be replaced or repaired immediately. 
All tools should be cleaned and inspected regularly. 

3. Safety Equipment, such as guards, and fuses, should be left 
in place. 

4. Gloves, safety shoes, and safety glasses should be worn if 
needed. 

5. Authorized personnel only should be permitted to operate 
power tools. 

17-2 ELECTRIC TOOLS 

Most electric tools are provided with grounding or “third wire” 
connections. These should be properly connected at all times. 

All power cables should be checked frequently for breaks in the 
insulation, especially at the socket and at the point of attachment to 
the tool. 

The use of a number of short cords to reach the power source 
is not advisable. A single extension should be used in all cases. 

Electric tools should be disconnected when changing attachments, 
making minor adjustments, or repairing. 

If extension cords must be used, make connections beginning at 
the tool and working toward the power source. An improper con¬ 
nection or short tool will blow the fuse rather than shock the user 
if this procedure is followed. 
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When electric tools are used in wet areas, tne operator is ex¬ 
posed to greater shock hazard: all insulation should be sound, and 
insulating platforms, rubber gloves, etc., should be used if necessary. 


Engineer Research & Development Lab. USA 
Illustration 17-1 

Use hand saws with guards and guides in place. Piece being cut should be 
clamped or firmly held. 


17-3 GASOLINE ENGINE-DRIVEN TOOLS 

Gasoline engine-driven tools should not be used in unventilated 
areas. If a closed woodworking shop is established, all engines 
should be provided with exhaust to the outside. 

Gasoline should be stored in a safe place, and should be handled 
with caution. 


17-4 PORTABLE HAND SAWS 

1. Nearly all hand saws are equipped with a fixed guard over the 
upper half of the blade and a movable guard covering the lower 
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half of the blade. Both of these guards should be left in place. 
Blocking of the lower guard should be prohibited. 

2. Small pieces being cut should be secured by bench clamps or 
some other means. 

3. Saw blade should be regularly checked and kept in good con- 
dition. 

4. Blade used should be as recommended for the material be- 
ing cut. 

5. If portable hand saw is adaptable to bench top use, it should 
be securely clamped to a firm support before using. 

6. Saw should not be jammed or crowded into the work. Green 
or wet material should be cut slowly and with extra caution. 

7. Operators exposed to harmful dust, as when cutting concrete, 
tile, lead, or stone, should wear approved type respirators. 

8. Check all material being cut for nails, hard knots, etc. 

17-5 TABLE OR BENCH SAWS 

1. The operating table and surrounding area should be kept 
clean and clear of all debris. 

2. Blade guards should be in place and should operate freely. 

3. Operators should wear safety goggles, and kickback apron 
should be provided. 

4. When ripping short stock, the use of a pusher stick should 
be required. 

5. Saw should be turned off when not in use. 

6. Piece being cut should be firmly held against back guide or 
fence. All material should be cut in a single, steady pass. It is 
dangerous to stop the saw for any reason before the cut is com¬ 
pleted. If this is done for any reason, the blade should be turning 
freely and at full speed before cut is resumed. 

7. When cutting a warped board, be sure it is touching the table 
top at the line of cut. 
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8. When a table saw has a pivoted arm, the line of saw travel 
should be completely covered. 



Illustration 17-2 
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9. On the conventional table saw, a long fence is necessary. A 
helper should be provided to assist in handling long stock. 

10. Extension tables should be provided for radial and table saws. 

17-6 CROSS CUT AND RIP SAWS 

1. Circular cross cut saws and rip saws should be provided with 
a hood that covers the saw at all times to at least the depth of the 
teeth. The hood should adjust itself automatically to the thickness 
of, and should remain in contact with, the material being cut at the 
point where the stock encounters the saw. A fixed guard may be 
used, providing the space between the bottom of the guard and the 
material being cut does not exceed three-eights inch (34") at 
any time. 

2. Except when grooving, dadoing or rabbiting, a spreader 
slightly thicker than the saw disk should be used on circular rip saws. 

3. An anti-kickback device should be used on circular rip saws, 
and the exposed parts of the blade under the table should be guarded. 

17-7 SWING CUT-OFF SAWS 

1. Swing cut-off saws should have the upper half of the saw 
completely covered. A device should be provided to return the saw 
automatically to the back of the table when released. A limit chain 
or other stopping device should be provided to prevent the saw from 
swinging beyond the front edge of the table. 

2. If counterweights are used, they should be secured with chains 
fastened to the counterweights and enclosed so that they cannot fall 
on operator or others if they should break loose. 

3. Horizontal pull saws should be guarded on upper half of the 
blade and be provided with limit stops. 

17-8 CHAIN SAWS 

1. Extreme caution must be exercised in the use of chain saws in 
order to prevent personal injury, as the cutting mechanism is un¬ 
guarded. Operators should be carefully instructed in the use of 
this tool. Depth limit guards are provided by several manufacturers, 
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Illustration 17-3 


Corps of Engineers 


Dado or rabbitting sawing with splitter and kickers removed to permit clear 
passage of board. Pusher stick protects operator's hands. 


and should be used to prevent binding at the point of engine contact 
with the material being cut. 


17-9 DRILLS 

1. Always provide a ‘“starter” mark for the drill point. 

2. Always select correct bit for material being drilled. 

3. If bit is long enough to pass through material, provide against 
damage and injury on the far side. 

4. Small pieces should be clamped or held down to prevent spin¬ 
ning by the drill. 

5. Care should be taken to prevent sleeves and other clothin" 
from being wound around drill. Sleeves cut off above the elbow 
are recommended. 


17-10 GRINDERS 

1. Bench grinders should be equipped with eye shields. 

2. Stone should be inspected regularly. A cracked stone may 
fly to pieces, and should be discarded. 
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3. Tool rests should be in place and should be used. 

17-11 SANDERS 

1. The abrasive belt or disc cannot be guarded, and the only way 
of avoiding injury is the use of caution. 

2. Sanders should be moved away from the body when using. 

3. Dust may create an explosion hazard, and should be exhausted 
if necessary. Open flames and sparks should be guarded against. 
Respirator and goggles should be provided if needed. 

17-12 PNEUMATIC TOOLS 

A variety of tools, including hammers, drills, saws, tampers, 
paving-breakers, and vibrators 
are powered by compressed air. 
usually provided by a mobile or 
fixed compressor at or near 
the worksite. 

The precautions regarding 
the use and care of these tools 
listed under the “Electric ,, and 
“Gasoline Engine—Driven” 
headings should be observed. 

Proper fire precautions should 
be observed in connection with 
the operation of compressors; 
if housed in a closed building, 
adequate ventilation should be 
provided. 

Air-supply lines should be 
protected from damage by ve¬ 
hicles, materials, etc., and 
should be carried across walks 
and roads in protected chan- 
nelways. 

Supply hoses and pipe should be inspected regularly, and damaged 
lines should be promptly replaced or repaired. 
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National Safety Council 


Illustration 17-4 

Use a helper to handle long pieces. Note 
clean work area, absence of sawdust, 
scraps, and other fire hazards. 





Air-supply hose carried overhead or vertically should be sup¬ 
ported with a messenger cable, bridging, or otherwise. It is not 
advisable to depend on air hose to provide its own support over a 
long span. 
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SECTION 18-POWDER ACTUATED TOOLS 

A number of tools utilizing explosive charges to drive fasten¬ 
ings, cut cables and perform similar functions have been developed 
in recent years, and are now widely used throughout industry. The 
manufacturers of these devices provide detailed instructions re¬ 
garding their use, and these instructions should be closely adhered 
to at all times. The following general recommendations apply to 
all powder actuated tools. 

1. Only properly trained and qualified operators should use 
powder actuated tools. Users 
should possess Qualified Opera¬ 
tor's Cards which are, after 
thorough training, issued by a 
particular manufacturer's au¬ 
thorized dealer or distributor 
or other competent source. 

2. A loaded tool should 
never be carried away from the 
worksite. Tool should always 
be left unloaded until ready for 
actual use. 

3. The tool should never be 
pointed at anyone, whether 
loaded or unloaded and hands 
should be kept clear of open 
muzzle end. 

4. Powder actuated tools 

should never be stored or used Hold t0Gl firml y against and perpendic- 
. , . ular to work surface. Use scribed lines 

in explosive atmospheres or in to position stud 

the vicinity of highly flam¬ 
mable materials, or where nonsparking tools are required. 

5. Tool should be held firmly against and perpendicular to the 
surface being driven into. 

6. Safety goggles should be worn by operator, and face should be 

June, 1958 



Remington Arms Co. 

Illustration 18-1 


18-1 






protected if there is danger of spalling materials. Transparent 
face shields provide both eye and face protection. 

7. Manufacturers’ recommendations should be sought if there 
is any doubt about the material being driven into. Most manufac¬ 
turers recommend against driving into very hard or brittle mate¬ 
rials such as cast iron, glazed tile, surfacehardened steel, glass 
block, live rock, face brick, hollow tile and similar materials. 

8. In order to prevent flying hazards no stud or attachment 
should be driven without first making sure that it will not pass 
completely through the material being driven into. 



Remington Arms Company 

Illustration 18-2 

Some tools now incorporate “captive stud” feature which eliminates 
penetration hazards. 
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“Captive stud” type powder actuated tools are now available 
which are designed to stop a stud or pin in its tracks should it be 
fired mistakenly into soft or insubstantial materials. The stud is 
prevented from free flight by a piston and buffer in the guard as¬ 
sembly. A partial turn of the tool frees it from a stud properly 
set in the work surface. 

9. Studs should be driven a safe distance from the edge of mate¬ 
rial, in accordance with instructions. 

10. Studs and fastenings should not be driven through pre¬ 
drilled or pre-punched holes without using special guard designed 
for this purpose. 

11. In the event of a misfire, tool should not be removed from 
the working surface for 15 seconds. Cartridge should be removed 
before lifting guard from the surface. 

12. In the event of jamming or obstruction in the bore, follow 
the manufacturer’s instructions carefully. An obstructed bore 
should never be cleared by firing another cartridge or stud and 
cartridge assembly. 

13. Tool should be loaded only if it is to be used immediately. 

The tools used should be of a model and type that have rigidly 
built-in safety features: including protective shields or guards not 
removable without rendering tools inoperative; mechanisms to 
prevent firing during loading, unloading, dropping or preparing to 
fire; built-in angle or tilt-fire controls which prevent discharge if 
tool is inclined more than eight (8) degrees from position per¬ 
pendicular to work surface; and mechanism preventing firing unless 
muzzle end is pressed against work surface. 

Tools should be tested before each use to check that safety devices 
are in proper working condition, that tool is clean, that all moving 
parts operate freely and that the barrel is free from obstruction. 
Any tool not in working order or developing a defect in use should 
immediately be removed from service and not used again until 
proper repairs have been made by competent personnel. 

Only fasteners which are specially designed and manufactured 
for use in powder actuated tools should be used. 

In areas where stud drivers are being extensively used, signs and 
barricades identifying the high hazard area are recommended. 
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SECTION 19-HAND TOOLS 

19-1 CARE OF TOOLS 

All tools should be kept in safe working condition. Tool rooms 
with suitable storage racks and bins for storage should be provided. 
Men assigned to tool rooms should be held responsible for the in¬ 
spection and repair of tools. Defective tools should not be issued. 

19-1.1 Keep All Tools Clean 

Protect against corrosion damage. Wipe off accumulated grease 
and dirt. Clean thoroughly with cleaning fluids or solvents when 
necessary, and wipe clean. Lubricate moving and adjustable parts 
to prevent wear and misalignment. 

19-1.2 Keep Cutting Edges Sharp 

Sharp tools improve accuracy and are safer than dull tools. 

19-1.3 Tool Sharpening 

Use oilstone or grindstone for tool sharpening. If an abrasive 
wheel must be used for this task, grind only a small amount at a 
time, with tool rest not more than one-eighth inch from the wheel. 
Hold tool lightly against the wheel to prevent overheating. Dip 
frequently in water to keep tool cool. This retains metal hardness 
and cutting edge. 

19-1.4 Storage 

When not in use, tools should be stored in suitable boxes or con¬ 
tainers, or hung on racks. Cutting edges should be protected, and 
tools should not be placed where they will roll off benches or tables. 
Be sure storage area is moisture free to prevent corrosion. Heavier 
tools should be placed where they will not be tripped over. 

19-1.5 Repair 

All damaged or worn tools should be promptly and soundly re¬ 
paired. Temporary and makeshift repairs should be prohibited. 
If tools cannot be repaired on the job, they should be sent to the 
shop or factory, not kept on the job. DISCARD TOOLS THAT 
CANNOT SAFELY BE REPAIRED. 


June, 1958 


19-1 






19-2 USING TOOLS SAFELY 

19-2.1 Use the Right Tool For the Job 

The weight, size, and type of tool should be selected to fit the 
job at hand. Do not substitute pliers for hammers, screwdrivers 
for pinch bars, chisels or screwdrivers. 


19-2.2 Handles 

All handles should be tightly fitted. Check wood handles care¬ 
fully, and tighten with wedges when necessary. Check also for 
splitting and cracking. 


19-2.3 Electrical Hazards 

Most hand tools are conductors of electricity. Use extreme cau¬ 
tion in working around electrical circuits. Insulated and non¬ 
conducting tools should be tested frequently, under expert super¬ 
vision. 

19-2.4 Sparking Hazards 

In the presence of flammable materials or explosive dusts and 
vapors, use non-sparking tools. 


19-3 HAMMERS 

Face of hammer should be flat, and not too smooth. When driv¬ 
ing a nail, tap lightly to start straight, drive with blows suited to the 
size of nail and type of wood. 

Turn up points of clinched nails before attempting to draw. 
When a nail has been partly withdrawn, place a small block under 
the head of the hammer. 

19-4 WRENCHES 

Select the correct size and type of wrench for each job. Do not 
extend wrench handle with pipe or other “cheater,” as jaws will 
be spread. 

Never use a wrench as a hammer. 

Pipe or Stilson wrenches should not be used as monkey wrenches. 
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Keep jaw corrugations on Stilson wrenches sharp and clean, 
handles and adjusting screws on all wrenches in good condition. 

Wrenches should always be placed on nuts with the jaw opening 
facing the direction the handle will move. Pull, do not push. 

19-5 CHISELS 

Chisel should be large enough for the job, and should be driven 
with a hammer of sufficient weight. 

Use proper chisel for material being cut. 

Chisel should be held with steady but relaxed grip. 

Keep eyes on the cutting edge of the chisel. 

Chisels being struck by others should be held by tongs or other 
device. 

Repair or replace mushroomed chisels, and cracked or broken 
chisel handles. 

Do not make metal cuts too deep. One-sixteenth inch for rough 
cuts is sufficient depth, finish cuts not more than half that depth. 
Control cut depth by the chisel angle. 

Goggles should be worn when chipping. Always chip away 
from yourself, and protect others with screening. 

When sharpening, maintain original shape and angle. 

19-6 PUNCHES 

Punch should be straight, and should be suitable and heavy 
enough for the work. 

Points of center punches should be accurately ground at all 
times, starting and pin punches should be squared. 

Start punches with light taps. Hold securely, especially on 
rounded surfaces. 

When knocking out rivets and pins, begin with starting punch, 
finish with pin punch. 

19-7 HATCHETS, AXES, ADZES 

Be careful to avoid rebound of hatchet or axe toward workmen 
in your vicinity, and yourself. 
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When trimming a tree on the ground, keep the trunk between 
the swing of the tool and your feet and legs. Clear sufficient space 
for swing. 

When using an adze, spread legs, with object to be trimmed be¬ 
tween legs, and avoid cross and angle cuts. Cut straight back 
with gentle swing. 

19-8 DRAW KNIFE 

Be sure work is rigid and secure. Never brace against your body. 
Make steady, firm draw toward body. Keep blade sharpened at 
all times. 

19-9 SCREWDRIVERS 

Do not use screwdriver as a chisel, pry-bar, or for any other 
purpose than that intended. 

Keep tip ground properly, squared across. 

Select screwdriver to fit size of screw being driven. Do not 
grind to a fine point to fit all sizes of screw heads. 

Handles should fit shank tightly. 

Keep shank directly over screw being driven. Do not lean on 
screwdriver, or push with any more force than necessary to keep 
contact with screw. A screw properly piloted and fitted will draw 
itself into proper position when turned. 

DO NOT DRIVE SCREWS WHICH CANNOT BE 
TURNED BY HAMMERING INTO PLACE. 

19-10 FILES 

Use proper type of file for work. 

Cut should be on forward pass of file. When teeth become 
clogged, clean with file card. Clogged teeth may cause file to slip, 
exposing hands to injury. Files should be equipped with handles 
of proper size for file tang. Tap file into handle by striking 
handle on flat surface. Do not drive handle on file with hammer. 

When filing small objects, clamp securely, or use vise. 

Do not use files for pry bars, punches, etc., as file metal is usually 
very brittle and will snap. 
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19-11 HAND SAWS 

Use saw of proper shape and size, with correct teeth, for size of 
cut and material being sawn. Keep teeth and blades properly set. 
Protect teeth when not in use. 

Hold saw firmly, and start cut carefully and slowly to avoid 
jumping of blade. 

Starting cut, hold rip saws at 60 degree angle with board, cross¬ 
cut saws at 45 degree angle. 

When starting, place fingers to left of cut mark with thumb up¬ 
right and pressing against blade. Pull upward until blade bites. 
Start with partial cut, then set saw at proper angle. 

Check material being cut for nails, knots, and other objects that 
may damage saw or cause it to buckle. Pieces being cut should he 
firmly held in place. 

If long pieces are being cut, a helper or a supporting bench 
should lie used to prevent pinching at the cut. 

19-12 TWO MAN SAWS 

Do not push or force saw. Pull only, in teamwork with partner. 
Keep cut straight to avoid buckling. 

Horizontal cuts, as in a standing tree, should be wedged to pre¬ 
vent pinching of the blade. 

19-13 HACKSAWS 

Blade should be selected for material being cut. Blade teeth 
should point forward. Blade should be rigid, and frame should be 
properly aligned. Use strong, steady strokes, directed away from 
yourself. Entire length of blade should be used in stroke. Hardei 
materials should lie cut more slowly than soft materials. 

Thin flat pieces should not be cut from edge to edge, but should be 
securely clamped, and cut so that several teeth are cutting at all 
times. 

19-14 PLIERS 

Pliers should be used only when no other tool will do the job. 
Never use pliers as wrenches. 
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Use cutting pliers only for cutting soft metals, never hardened 
metals or as nail pullers. Use insulated pliers for electrical work. 

19-15 PICKS 

Pick handles should be free of splinters, splits, and cracks. Head 
should be firmly affixed to handle. Be sure area in back and to the 
sides is clear when swinging. 

19-16 SHOVELS 

Shovel handles should be free of splinters, cracks, and splits. 
Blade should be sharp and free of jagged and split edges. 

19-17 TRUCKS, WHEELBARROWS 

Hand trucks and wheelbarrows should be selected for the job. 
Frames should be strong and straight. 

Wheels should be strong and well secured to frame. Keep bodies 
clean and free of jagged edges. Use extreme care in using ramps 
and walkways. Careful planning of wheelbarrow traffic will avoid 
accidents and prove economical. 

19-18 JACKS 

Select jacks heavy enough to raise and hold the load. Be sure 
swivel heads and caps are in good condition and function properly. 

Jacks should rest on firm, level foundation, adequate to support 
the load. 

Be sure jack cannot tip, and is in line with the vertical movement 
of the load. After raising a load, securely block before removing 
jack. 

Lubricate jacks frequently, and store where protected from mois¬ 
ture and damage. Inspect frequently, and repair promptly. 

It is advisable to shore up any load that must remain in a raised 
position for any length of time greater than one work shift. 
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Street and highway construction poses a greater variety of safety 

problems than almost any other field of heavy construction. The -- 

hazards normally associated with such construction are multiplied 
by the fact that the work area is either shared by or in close prox¬ 
imity to the moving stream of highway users. In urban areas 
where a large amount of highway construction will take place, the 
existence of abutting property owners and an increased number of 
pedestrians multiplies the problem further. The contractor’s safety 
responsibility is fourfold. He must provide for the safety of: 


1. The public—motorist, pedestrian, resident 

2. The workman 

3. The construction equipment and materials 

4. The completed work 


In protecting against these hazards the public interest and con¬ 
venience must be weighed by both the contractor and the contracting 
agency. It may be safer or more convenient or less costly to the 
highway project to divert or interrupt the movement of traffic. 
This, however, is not the only consideration. Highways are pro¬ 
ductive facilities and most users are on the highway as an essential 
part of getting their particular jobs done. Unnecessary incon¬ 
venience and delay to the highway user is often not only uneconomi¬ 
cal in the overall view but also poor public relations for the con¬ 
tractor. 


This principle is embodied in the general specifications of prac¬ 
tically all road and street construction jobs. A typical section 
states: 

“Public convenience and Safety:—In carrying on the 
work the contractor shall interfere as little as possible with 
traffic. The contractor shall provide and maintain ingress 
and egress for all residences and places of business located 
along the construction route. Materials stored upon the 
highway shall be placed so as to cause as little obstruction 
to the traveling public as possible. If, in the opinion of 
the Engineer, it is necessary to keep the road or any por- 
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tion of it open to travel during the construction thereof, 
the contractor shall so carry on the work and provide such 
means that travel will not be obstructed or endan¬ 
gered . . 

20-2 PLANNING THE JOB FOR SAFETY 

Three principles are involved in planning the job for safety. 
They are: 

1. Maximum protection for the workmen on the job. 

2. Maximum protection for the public. 

3. Minimum inconvenience to the public. 

I he contracting agency is responsible for the overall planning 
of the job whether traffic will be detoured, what advance notice to 
the public is given, what major safety features will be incorporated. 
Within this general framework the contractor is usually given wide 
latitude to carry out his work most efficiently without sacrificing 
the three principles above. 

20-3 TRAFFIC VOLUME 

In order to plan the job for safety, the contractor should know 
the amount and composition of traffic to be dealt with and the pat¬ 
tern of variations to be expected in this flow. The selection of job 
sections and the order in which phases of the work are undertaken 
should be predicated upon providing an adequate travel way for 
the volume of traffic expected. Traffic volumes vary greatly dur¬ 
ing the hours of the day, days of the week and seasons of the year, 
and items of work which would seriously affect travel conditions 
should be geared to this pattern where possible. Advance notice 
to the public of the existence of the construction project, through 
newspapers and other public information media, will often reduce 
the problem. The contracting agency should be expected to supply 
information on the probable variations in traffic volume and should 
assist in providing notice to the public. 

20-4 APPROACH SPEED 

Traffic approaching a construction area will often be required to 
slow or intermittently stop. It is important, therefore, in planning 
the job protection to know what approach speeds will be encountered. 
This information can be obtained from the contracting agency or 
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by direct observations at the job site. It should not be assumed that 
the existing speed limit will be the top speed encountered. A definite 
point should be made of visiting the job site to determine other 
conditions which might add to the problem of job protection. 
Limitations on sight distance, complicated intersections near the 
job terminals, distracting or confusing roadside conditions, etc., 
will all enter into planning adequate protection. 

20-5 STOCKPILE SUPPLIES 

From the inithn 1 survey of the protection problem and the ap¬ 
proximate schedule of work, a list of needed traffic safety and 
direction devices should be compiled. This list should provide a 
reasonable reserve supply to compensate for materials damaged 
during the construction period and to cope with unforeseen prob¬ 
lems. Last minute, makeshift devices are seldom adequate and 
open the contractor to charges of negligence. 

The signs, barricades, lighting devices and other paraphernalia 
should be obtained and stockpiled in advance of need. In some 
instances the contracting agency will supply the required devices 
upon request. In this case, it is important to determine the probable 
time lag in filling requests and, accordingly, stockpile emergency 
supplies on the job. 

20-6 STANDARD WARNING AND DIRECTIONAL DEVICES 

Over the past thirty years much has been done toward the 
standardization of traffic control devices and the contractor, in his 
own behalf, should make every effort to conform to these stand¬ 
ards. A nationally recognized “Manual of Uniform Traffic Con¬ 
trol Devices” has been compiled by a national committee. In addi¬ 
tion, many states have state manuals. It is not uncommon for state 
laws to make this manual compulsory upon all road agencies of the 
state. In many cases, the state sign manual is made part of the 
general povisions of the construction contract. Even where not 
mandatory, the contractor, if required to supply his own devices, 
should follow the designs and practices enumerated in the national 
or state manual. 

20-7 TRAFFIC SIGNS 

The following general rules apply to the use of all traffic signs: 
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1. Before any new route or detour is opened to traffic or before 
any work creating a dangerous condition is begun, all necessary 
signs should be in place. 


2. Signs required by road conditions or restrictions should be 
immediately removed when these conditions cease to exist. Guide 
signs directing traffic to temporary routes should be removed when 
no longer applicable. 

3. All signs having any application at night should be reflec- 
lorized or illuminated by a white light. In addition, some states 
require one or more flicker lights placed beside the sign. 

4. All signs should be mounted at approximately right angles to 
the direction of traffic and at least five feet above the road surface. 
Signs should normally be placed from six to ten feet to the right of 
the traveled lane and never less than one foot even when protected 
by temporary curbing. A sign six feet to the right and five feet 
above the edge of the traveled lane is seldom affected by splash 
marks or road film. 

5. Special care should be taken to see that piled supplies, stored 
equipment, parked vehicles, etc., are not permitted to obscure anv 
sign. 

6. All signs should be inspected daily to assure that they are in 
proper position, clean, and legible at all times. Damaged signs 
should be replaced immediately. 

7. Signs should always conform to the following standard 
shapes and colors: Refer to Figure 20-1. 

Note: Color may vary according to state and local requirements. 


Purpose 


Where a Stop is 
required 

Where a REGULATION 
Must be followed 

Where PARKING is 
prohibited 

To convey a WARNING 

To mark a RAILROAD 
crossing 

To give DIRECTIONS 
or information 


Shape 

Background 

Color 

Message 
Color. 

Min. 

Size 

Octagon 

Red 

White 

30" 

10" ltrs. 

Vertical Rect. 

White 

Black 

18"x24" 

Vertical Rect. 
Diamond 

White 

Yellow 

Red 

Black 

12"xl8" 

24" 

Round 

Horizontal Rect. 

Yellow 

White or 
Black 

Black 

Black 

White 

24" 

24" x 
variable 
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QUES^ 


STATE HIGHWAY 
UNDER 

CONSTRUCTION 


9**/ 4-g*' m. H. 

Illustration 20-1 


END OF 
ROAD WORK 
THANK YOU 
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The sizes given in the above table should never be decreased. 
Where high speed traffic is expected, particularly at the beginning 
of the construction zone, larger signs should be used. Standard 
warning signs of 48" are used on major routes and dimensions 
of 120" and larger are not uncommon for advance warning. 
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APPROX. 8* _ 4' MAX. SPACING _ 

3" RED REFLECTOR UNITS 6X6 POSTS 
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TYPICAL MOVABLE BARRICADE 
























































\ 

0 ^ Af 

jf 8. All signs should be neatly lettered and of a quality and style 
/>y comparable to conventional traffic signs used in the vicinity. 

9. The most common sign material, (for 24" - 30" signs), is 
l6-gauge sheet steel treated with rust inhibitor and coated with 
baked enamel. Grade 6061-T6 aluminum of 0.081 inch thickness 
and exterior grade plywood of at least 3/£ inch thickness have also 
been used. Lighter material, including cloth or cardboard, should 
be considered only for small signs of extremely temporary use. 

10. Where a sign location is reasonably permanent, the sign 
should be erected on a post adequate to keep the sign steady in 
heavy wind. A single 4" x 4" wooden post is commonly used for 
signs of less than 30". An adequate portable sign standard is 
shown in Figure 20-2 or the portable barricades shown in Figure 
20-3 may be used when the sign location is subject to frequent 
change. 

20-8 LIGHTING AND MARKING DEVICES 

Important signs, barricades and hazardous conditions on or be¬ 
side the traveled way should always be marked by lighting or re¬ 
flective devices at night. Among the devices available are: 

1. Reflective Sheeting : This material achieves its night visibility 
by reflecting the light from the automobile headlamps back to its 
source. It is not luminescent and is only effective when the head¬ 
light beams strikes the material at approximately right angles. 

It is most effective when used on large areas such as sign faces 
or barricades or as a series of delineators marking the edge of the 
safe travel path. Figure 20-4 shows several types of delineator in¬ 
stallations. 

2. Reflector Buttons : These devices also redirect the headlight 
beam to achieve visibility and are used in the same manner as re¬ 
flective sheeting. Mounting rings for use on wood or metal are 
available. For delineators, one or two, white, reflectors may 
be used as shown in Figure 20-4. On barricades or to mark ob¬ 
structions one or more 3" diameter yellow or red reflectors may be 
used. 

3. Reflective Paint : Although less brilliant than material previ¬ 
ously mentioned, reflective paint has considerable applicability since 
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it can be sprayed directly onto concrete or other uneven surfaces. 
Comply with manufacturer’s instructions for best results. 

Reflective materials, such as the three given above, are used to 
supplement rather than replace other lighting devices on construc¬ 
tion projects. On barricades and fences they offer added protec¬ 
tion in case other lighting devices fail. 

4. Lanterns: The red lens kerosene lantern is still the most 
widely used construction light. To be effective, it must be cleaned 
at daily intervals, usually at the time of refueling. It should be 
placed at least two feet away from the sign or barricade it is mark¬ 
ing to avoid smudging or burning the wood. This can be done by 
placing the lantern beside and slightly beyond the sign. Care should 
be taken in placing lanterns so that the pattern does not resemble tail 
lights to an approaching motorist. This can be achieved by vary¬ 
ing the mounting height. 

5. Battery Operated Lights: A number of flashing light units 
are available which are practical for construction use. These 
utilize a very short duration flash of a high intensity gaseous tube 
light source. They can operate for several hundred hours on either 
dry or wet cell batteries without recharging. The unit is most 
effective when used where there are no lights in the background. 
Secure to prevent removal or theft. 

6. Electric Lights: Where a source of power is available and 
the duration of the job warrants, consideration should lie given to 
conventional electric light units for both hazard markers and barri¬ 
cade lights. Flashing the lights at a rate of 50 to 60 per minute 
increase their effectiveness. Traffic signal heads, floodlights and 
individual light units can be used effectively and are recommended 
where high volume, high speed traffic is encountered such as on 
urban expressway construction. Place to avoid accidental contact 
or contact by children, particularly if moisture on ground presents 
good electrical contact. 

20-9 BARRICADES AND FENCES 

20-9 .1 Fence Barricades 

When all or a major portion of the roadway is to be blocked to 
traffic a substantial fence barricade should be erected. Depending 
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upon the permanence of the closure, any of the designs in Figure 
20-3 may be used. Dimensions may be varied but the overall 
height should be at least 4^4 feet and when a total closure is in¬ 
tended, the barricade should extend to the curb or ditch line on 
both sides. 

There should be a minimum of two horizontal rails and these 
should be alternately striped at a forty-five degree angle pointing 
down in the direction approaching traffic is to follow. Striping is 
usually in black and white but black and yellow are used in some 
areas. If reflectorized paint is not used, the top rail and posts should 
be equipped with red reflector buttons or reflective material at four 
feet intervals. 

20-9.2 Horse Barricades 

For temporary barricading, marking obstructions, delineating 
safe travel path and like uses, the horse barricade is used. One 
design is shown in Figure 20-6. Wording or arrows, if used, may 
be painted directly on the rail or may be on detachable panels. 


20-9.3 Pedestrian Fences 

On work in urban areas it is necessary to consider pedestrian as 
well as vehicle needs and, in addition to fencing dangerous areas, 
also provide a safe, dry, temporary sidewalk to reach abutting prop¬ 
erty. Minimum provisions will vary and will usually be established 
in the construction contract or the public works code of the city. 
Both lighting and barricading of work in urban areas should be 
designed with the pedestrian in mind. 

20-9.4 Rubber Cones 

Rubber cones of 18" and 30" height are available for use as 
delineators. They can be stacked and handled easily and are par¬ 
ticularly valuable to mark the safe travel path when this is subject 
to frequent changes. Since the cones are light in weight they can 
be displaced easily by accidental contacts with construction equip¬ 
ment or by strong wind. They, therefore, should not be used un¬ 
less they can be inspected at regular intervals for placement and 
periodically for condition of surface coloring. 
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20-1O FLAGMEN AND HAND SIGNALING DEVICES 


cf 


use. 


Flagrtierrshould be used whenever traffic passing through the 
project may be required to stop because of conflicts with construc- 
) tion equipment or because the safe travel path cannot accommodate 
two-way traffic. 

There is no safe substitute for a flagman under these conditions. 
Motorists should never be expected to anticipate the movement of 
construction machinery or to follow the directions of equipment 
operators or other workmen. 

A flagman should not be expected to guard more than a single 
conflict point. Where one-way traffic is required for a distance of 
( over 100 feet, a flagman should be assigned to each end. If delays 
to traffic may accumulate a long line of waiting cars, two flagmen 
will be required for each direction—one at the head of the line of 
stopped cars and the other staying abreast of the end of the queue 
as it accumulates. 

20-70.7 Selection of Flagmen 

Since flagmen make the greatest number of public contacts of 
all employees on the job and are responsible for human safety, it 
is important that well-qualified personnel be selected. A flagman 
should possess the following qualifications: 

1. Average or better intelligence. 

2. Good physical condition including sight and hearing. 

3. Mental alertness. 

4. Courteous but firm manner. 

5. Neat appearance. 

6. Pleasing personality. 

7. Sense of responsibility. 

20-70.2 Dress and Equipment 

Many contracts require and specify a distinctive uniform to be 
worn by flagmen. As a minimum, such a uniform should consist 
of a red jacket or vest and a uniform style cap. For night work, 
reflective Sam Browne belt or white coveralls should be worn. 


7C 
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If a red flag is used as a signaling device it should be a minimum 
of 18" square, mounted on a 3' staff. The flag should be weighted 
on the bottom edge to hang straight. The flag is being increasingly 
replaced by the sign paddle such as shown in Figure 20-4. 
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If flagging is required at night, a red electric or kerosene lantern 
should be used. Extra lighting in the form of flood lights should^ 
be provided to illuminate the flagman. <^l s\ 

Vy 

20-10.3 Instruction to Flagmen ^ 


Flagmen should be even tempered and reliable and made to realize 
their responsibility for the protection of construction workmen as 
well as the safety of the driving public. Whenever possible the flag¬ 
men should be dressed in an appropriate uniform and wear reflective 
red material at night. It is recommended that the following he in¬ 
cluded in a folded leaflet together with appropriate illustrations for 
use of flagmen : 


1. You must be able to see the men and equipment at work or 
know what they are doing if they are out of sight around 
a curve or over a hill. 

2. You must be seen by the approaching motorist soon enough 
so he is able to stop should you want to give him any instruc¬ 
tions or information. 

3. The supervisor in charge will tell you where to stand. If 
you are not sure ask him. Do Not Stand in Traffic Lane . 

4. In daylight you must have a red flag. In addition, you may 
be instructed to use a hand paddle having the words “Stop 
and Slow” on either side. 

5. At night you must have a red lantern and you may also use a 
white flashlight. 

6. While a red garment must be worn during the daytime, at 
night you should also wear a reflecting belt. 

7. To SLOW daytime traffic hold flag in right hand straight out 
—with left hand give slow signal by repeated short up and 
down motions. To attract attention, the flag may be waved 
slowly with a sweeping motion. 

8. If paddle is used, show slow sign. Hold paddle in left hand 
so your body will hide the other side. 

9. To STOP daytime traffic hold flag straight out across the 
lane blocked. Hold left hand about head high with palm 
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toward traffic. Flag may be waved slowly to attract atten¬ 
tion. 

10. If paddle is used, show STOP sign and hold it high enough 
so red garment will not be in back of red on paddle. 

11. For daytime traffic to proceed, drop flag by side of right leg 
and signal “GO” with left hand. CAUTION: Never use 
a flag as a signal to move traffic. 

12. If paddle is being used put it under right arm; never signal 
with paddle to move traffic. Always give “GO” signal with 
left hand only. 

13. At night use red lantern in same manner as you use flag in 
daytime, that is, for “SLOW” move with a sweeping motion. 
For “STOP” hold lantern in right hand straight out. 

14. To move traffic at night hold lantern at side, signal with hand 
or white flashlight. 

15. At times on a one-way road you may have to stand on the 
left shoulder. At such times reverse the hands in these 
rules. In any event get definite instructions from your super¬ 
visor and practice them. An error on your part may cause 
an accident. In all cases be courteous, be brief, be sure. 

16. After vehicle stops, if possible, inform the driver of the rea¬ 
son for the stop—Be polite even if he isn’t. Explain the de¬ 
lay in few words, such as “Blasting up Ahead,” “Fresh Oil,” 
“Loose Gravel.” Whenever possible, a “Thank You” will 
help. 

17. You have a responsible job. You are protecting your fellow 
workers on the job. You are responsible for the safe guid¬ 
ance of traffic through the work area. 

18. Don’t leave your post unprotected. We are depending on you. 

19. Flagmen should be stationed at a control point at each end of 
the route that will permit easy passing of opposing lines of 
vehicles. 

20. There are two simple methods of controlling one-way traffic 
depending on length of route. 
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(a) Well defined and not over one mile long—one flagman 
lets traffic through the job until the last car in line is 
abreast of the flagging station. Driver of this car is 
given a flag to carry to the flagman at the other end of 
the control area. When the flag is given to the opposite 
flagman he knows that traffic has been stopped at the 
other end of the job. The flagman then starts traffic 
moving in the opposite direction repeating this pro¬ 
cedure as often as necessary. 


(b) For distances greater than this the two flagmen may be 
equipped with field telephone and maintain contact in 
this manner. /r . , / 

20-11 TRAFFIC SIGNALS " 


7 


Portable or temporary traffic signals can be used effectively at 
equipment crossing points and, in some cases, to control one-way 
operations. Standard equipment having a minimum of three, in¬ 
dependently illuminated, lenses for each direction should be 

used. State or local authorities should be consulted before intro¬ 
ducing such equipment as, in some states, a special permit is re¬ 
quired for each signal installation. 


20-12 APPLICATION OF SIGNS AND DEVICES 

20-12.1 General 

The marking of construction zones can be considered in four 
parts: 

1. The advance warning 

2. The instructions or specific warning 

3. The point of application 

4. The termination 

Each of these must be spaced in accordance with the speed and 
density of approaching traffic so that drivers will have adequate 
time to react properly. The dimensions given in illustrations 8-10 
should be considered as minimum and should be extended as the 
situation dictates. 
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(1) Advance Warning: On major construction jobs, the ad¬ 
vance warning sign is normally placed near the project limits. It may 
be supplied or specified by the contracting agency and will usually 
contain all or part of the following information: 


Description of project—HIGHWAY UNDER CONSTRUC¬ 
TION 


Magnitude of project—NEXT 5 MILES 


Contracting agency and/or contractor—JONES CONSTRUC¬ 
TION CO. 


In some areas this sign is mounted on a fence barricade. 

On smaller projects or at recurring danger points within a large 
project, the advance warning sign may be a conventional diamond¬ 
shaped “SLOW” or “DETOUR AHEAD” sign. The advance 
warning sign serves to alert the driver to the possible hazards and 
should be given prominence in both size and location. It is the most 
important single sign on a construction project and will probably be 
the largest. Occasionally side roads lead into the project beyond the 
advance warnings located on the main road. Added signs should 
be posted for this traffic. 

(2) Instructions: The instruction or specific warning sign or 
signs tell the driver what he must do. It is important that the mes¬ 
sage be accurate and completely advise the driver of the situation 
ahead. More than one sign is often necessary and these signs should 
be spaced sufficiently from each other and from the point of applica¬ 
tion so that each message can be read, comprehended and executed 
safely. Standard signs and the use of symbols where applicable, 
materially decrease the possibility of driver error. The number of 
words on a sign should be limited to three or four for maximum 
driver comprehension. Each sign should be accompanied by a 
lighting device for added visibility at night. 

(3) Point of Application: The point of application is usually 
marked with barricades of delineators. A confirming sign may also 
be used. It is particularly important that lights and reflective ma¬ 
terial be used so that the point of application is clearly discernible 
at night. A missing or misplaced light on a barricade may give 
an entirely misleading indication of the safe travel path and lights 
should be checked carefully and rechecked at frequent intervals. 
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(4) Termination The end of the project or danger area should 
be marked for the motorist's convenience. A sign “End of Con¬ 
struction” or “Resume Speed” is usually used. On a long project 
with widely spaced danger points, each should be signed as separate 
projects with both advance warnings and termination signs. 

20-12.2 Detours 

Typical treatment for an approach to a detour is shown in Figure 
20-8. If the detour route uses existing streets or roads and signing 
of the continuation of the detour route is the contractor s respon¬ 
sibility, the following rules may be followed: 

Directional signs should be placed— 

(1) 500 feet in advance of any major intersecting road or any 
road where the detour route turns. 

(2) At the near right-hand corner of intersections where the 
detour route turns. 

(3) 75 - 100 feet beyond any major intersection or point where 
the detour route turns. 

(4) At one-half mile intervals along tangent sections. 

The sign at these locations should give the following informa¬ 
tion: DETOUR, route number (or street name), destination, 
directional arrow to indicate proper course. Signs at turn points 
should be lighted. 

Care should be taken to see that all signs are in place before the 
detour is put into use and that normal highway signs commensurate 
with the volume and character of traffic have been installed. This 
compels close liaison and cooperation between the contractor and 
the local traffic authority, particularly when the latter is not the 
contracting agency. 

20-12.3 One-Way Traffic 

When a safe travel path of 18 feet cannot be maintained and a 
convenient detour route is not available, it becomes necessary to 
resort to one-way traffic control. All alternatives should be care¬ 
fully explored since considerable delay to the motorist will often 
result. 

The traffic carrying capacity of a one-way section is determined 
by: 
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J (1) The length of the one-way section 

J (2) The speeds and headways which traffic can maintain on the 
one-way section. 

(3) The maximum time vehicles will be required to wait. 


Where the one-way section is paved and free from obstructions 
so that traffic may travel at 30 to 35 miles per hour, the hourlv 
capacity must be estimated from the formula: V = 1200 (1 -2t/c) 


Fence Barricade 


mi 

D " 

STRAP IRON BRACKET 




NOTES 

A VARY EIGHT FOOT LENGTH AS DESIRED 
B WEIGHT DOWN SUPPORTS AS NEEDED 

C. NOMINAL LUMBER SIZES SHOWN. 

D. PROVIDE MEANS FOR FASTENING REMOVABLE 

RAIL IN PLACE TO PREVENT UNAUTHORIZED 
REMOVAL. 


1 1 — I * 

"v\ 

L,q 

i-»- V . . y 


f-- --- S’ 



Fence type barricades are recommended for use as a 
road block or for use around heavy equipment. The 
2 * x 10" removable rails may be reflectorized by the 
use of buttons as indicated or with reflective coat¬ 
ings such as "Scotchlite" or similar material. 

Illustration 20-6A 
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Where V = maximum hourly volume possible (both directions) 
t = time required to traverse one-way section 
c == average period between successive platoons of traffic 
in one direction. 

Due to variations in the flow of traffic, the above volume would re¬ 
sult in a considerable number of vehicles being delayed more than 
c minutes. To reduce the number of vehicles delayed more than 
c minutes to not over 5 per cent use 80 per cent of the result of the 
above formula as practical hourly capacity. 

As an example, if it takes one minute to travel the one-way sec¬ 
tion and a maximum delay of five minutes is to be permitted: 
V = 0.8 x 1200 (1-2/5) V = 576 == the maximum hourly volume 
which can be accommodated with less than five minute delay. 

If traffic must travel at slow speeds and with wide spacings due 
to dust or rough surface, the above figure must be correspondingly 
reduced. 

Over long one-way sections a pilot car or truck may be advisable. 


20-13 CONSTRUCTION EQUIPMENT 

The operation of construction equipment close to or as part of 
the traffic stream is disconcerting to the typical driver. The travel 
path for construction equipment should be separated from the travel 
path for traffic wherever possible and construction equipment should 
never travel adjacent to traffic traveling in the opposite direction 
unless there exists a physical separation or the equipment is ac¬ 
companied by a flagman. 

A flagman and proper advance warning signs should be estab¬ 
lished at any point construction equipment crosses the travel path. 
The flagman should have complete authority to direct the actions of 
the construction vehicles as well as the motorists. It normally should 
be assumed that the private vehicles have precedence over the con¬ 
struction equipment and unless they can be safely stopped to clear 
the conflict area, the construction equipment should be prepared to 
yield the right-of-way. 
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20-14 URBAN CONSTRUCTION 


The comments preceding have been directed primarily to rural 
conditions. When construction is in urban areas, the principal 
difference is in the limitation on space available to the construction 
activity. To reduce the requirements for space and thus keep the 
interference to traffic to a minimum, some of the following steps 
may be considered: 

1. Storage of materials and equipment off-site at temporary 
storage yards or on adjacent minor streets set aside for that purpose. 

2. Prompt removal of spoil material or construction of cribs 
for material to be reused. 

3. Increased night and off-peak work activity with roadway 
opened to travel during the morning and evening peak hours (nor¬ 
mally 7-9 a.m. and 4-6 p.m.). 

4. Allowing travel in one direction to accommodate peak move¬ 
ment and detouring other direction of travel. 

Particular care should be given to lighting on urban construction 
work since the motorist is accustomed to higher light intensity. 
Wherever feasible, conventional electric lights should be used in 
preference to lanterns or torches. Since urban traffic is traveling 
at closer spacing than usual in rural areas, barricades and obstruc¬ 
tions in the vehicle path should be visible above preceding vehicles. 
A minimum height of 6 feet is recommended. This can be accom¬ 
plished by mounting auxiliary signs above the top rail of the barri¬ 
cades shown in Figure 20-3. 

In urban areas, the interest of the mass transit company should 
also be kept in mind. Any changes affecting their operation must 
be discussed with them in advance since rerouting of transit equip¬ 
ment entails a great deal of preparatory work. Close liaison be¬ 
tween the contractor and local traffic authorities should be main¬ 
tained and every effort made to give adequate advance notice of 
any work requiring rerouting of traffic. 

20-15 LOCATION OF TRAFFIC CONTROL DEVICES 

Plates 20-8 through 20-17 illustrate suggested control device 
locations for some typical road construction situations. 


June, 1958 


20-23 





20-24 


June, 1958 










































LOCATION CP 

00N3TRU0TI0N TRAEFIO CONTROL DEVICES 




Figure 20-9 


TRAFFIC THROUGH 
ROAD CONSTRUCTION JOB 



CONSTRUCTION 

ZONK 

INDEFINITE 

LENGTH 


r-r-r-n Barricade 
“T Sign 




June, 1958 


20-25 






























LOCATION OF 



CONSTRUCTION TRAFFIC CONTROL DEVICES 

Figure 20-10 
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Figure 20-17 

HAZARD CONTROLS WITHIN CONSTRUCTION ZONB 
























These suggestions follow the proposed Manual of Signs, Signals 
and Markings for Highway Construction and Maintenance Work 
prepared by representatives of the Institute of Traffic Engineers, 
American Association of State Highway Officials (Southern Sec¬ 
tion) and National Safety Council. 

The barricade and marking locations illustrated are intended 
only as guides for minimum job protection. 

Local laws and regulations should be consulted and complied with 
at all times. 


June, 1958 


20-34 







SECTION 21 — CONVEYORS AND CABLEWAYS 

21-1 BELT CONVEYORS 

Belt conveyors should not be overloaded to the point where mate¬ 
rials are likely to fall off the belt. 

The walkway along the belt should be kept free of materials. 
Where the walkway is three feet or more above the ground, a 
standard guardrail should be installed. 

Riding a conveyor belt is extremely dangerous, and should be 
strictly prohibited. 



Caterpillar Tractor Co. 


Illustration 21-1 

Conveyer to canal-lining form includes screen covering, sturdy access ladder. 
Note machinery guards in place. 


21-2 LUBRICATION 

Adequate facilities should be provided for routine lubrication, 
maintenance and inspection. 

Oilers should never attempt to service rollers while the belt is 
in motion. All oil or grease fittings should be so located that the 
oiler can service the fittings without exposing himself to danger. 
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21-3 TRIPPERS 



Where trippers are used to control the discharge from the belt, 
a device for throwing the propelling mechanism into neutral gear 
should be installed at each end of the runway. 

21-4 ROAD OR WALK CROSSINGS 

Wherever the belt crosses over a traveled way, either public or 
private, trays should be installed to catch spillage from the belt. The 
trays and their supports should be strong enough to support a heaped 
load of wet materials and the estimated weight of the cleaning crew. 

21-5 CROSS-OVERS 

Cross-overs should be installed at intervals not exceeding 500 feet 
along the conveyor beltway so that the patrolmen may cross to the 
opposite side without going under the belt. 


J. H. Clausen Photot 

Illustration 21-2 

Adequate lighting is important for safe night operations. Note substantial 
walkway and handrail along conveyer. 
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21-6 SIGNALS AND COMMUNICATIONS 

A system of signals to indicate the stopping or starting of the 
carrier and the raising or lowering of the load should be installed 
and placards indicating the signal system conspicuously posted. 
Telephone or other adequate means of communication should be 
provided at loading and unloading stations for directing the opera¬ 
tion of the carrier and load. 


21-7 AERIAL CABLEWAYS 



Principal hazards in the use of aerial cableways are wire rope 
failures, falling material, injury to workmen inspecting and oiling 
the cables and carriage, han¬ 
dling the bucket, and misunder¬ 
standing signals. 


Riding bucket and loads 
should be prohibited. 


No work should be carried 
on directly beneath the tram¬ 
way, except at the loading and 
unloading stations, where every 
precaution should be taken to 
protect workers. Equipment 
should be regularly and fre¬ 
quently inspected, with special 
attention given to anchors, 
sheave wheels and bearings, 
wire rope fastenings, the 
bucket latch and trunnions, and 
all load carrying parts. 

Wire ropes should be kept 
well lubricated, and inspected 
at least twice weekly. Special 


Morrison-Knudsen Co. 
Illustration 21-3 

Ultra-modern cableway operating tech¬ 
niques include use of closed-circuit 
television and radio communications, 
allowing operator to view bucket load¬ 
ing adjacent to control cab, and unload¬ 
ing at a distance of one-half mile. 


care should be taken in the inspection of the button line at the 
buttons, where all grease should be removed and the cable examined 
for broken wires and abrasions. Button line failures generally 
occur at the buttons, due to the impact of the carriers and abrasion 
caused by the rebound of the carriers when they strike the buttons. 





Rubber and steel ferrules should be installed on each end of the 
buttons as shock absorbers. 

Breaking of a line occasionally results in fatalities or serious 
injuries. Button line failures are sometimes caused by the jamming 
of the carriage, thus putting more strain on the line than it was 
designed to withstand and causing it to break. 

21-8 LIGHTING 

For night operations, clearance lights should be installed on high 
points under the cableway to assist the operator in maintaining 
proper clearance over such points. Loading and unloading stations 
should be adequately lighted. 

References 

Safety Code for Conveyers, Cableways, and Related Equipment, 
B 20-1, The American Society of Mechanical Engineers. 


% 

% % Is 

m -. 


June, 1958 


21—4 







SECTION 22 — HEAVY EQUIPMENT 

22-1 MAINTENANCE AND OPERATION 

Only active, able-bodied, trained and qualified men should be 
assigned as operators of earth-moving equipment. They should be 
instructed in the hazards connected with their work and shown 
safe methods of operation. 

All equipment should be maintained in good working order. 
Motors, chassis, blades, blade-holders, tracks, drives, wire ropes, 
sheaves, hydraulic mechanisms, transmission and vital parts should 
be inspected each day. Wheel bolts and bolts which hold motors to 
chassis should also be checked daily for tightness. 

Planned job and haul roads of adequate width and minimum 
grade should be provided and properly maintained. Job roads and 



Illustration 22-1 


o azerpmar Tractor 


Keep equipment a safe distance from edge of cuts and excavations. 
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haul roads with a tendency to become dusty should be sprinkled, 
watered, or chemically treated periodically to improve visibility. 

22-2 GENERAL OPERATING PRECAUTIONS 

Before a job is started, the foreman or superintendent should 
make certain the operator knows exactly what is to be done, and 
should be instructed to make full use of the equipment manufac¬ 
turer’s instruction manual. 

The importance of shifting to the proper gear at the foot of in¬ 
clines should be impressed upon equipment operators. Equipment 
speeds should be consistent with roadway conditions and loading and 
traffic conditions. Roadways should be patrolled to insure observ¬ 
ance of safety regulations. 



International Harvester 

Illustration 22-2 

Steel canopy protects operator from falling rocks and debris. 


Co. 
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The operator should never leave his machfne on an inclined sur¬ 
face or on loose material with the motor idling, because the vibration 
may put the machine in motion. 

Operators should always check to make certain that other work¬ 
men are in the clear before initial starting of machine. 

If possible, equipment should be driven entirely off the road 
at night. Where any portion of the machine projects into the road, 
it should be adequately marked with red lights or flares; red flags 
should be used in daytime. 

Red cloth flags or markers should be placed at the ends of 
projecting blades. It is not unusual for one or both ends of a 
scraper blade to project beyond the tread of a machine. These 
projecting ends may strike persons or equipment. 

Unauthorized riding on equipment should be prohibited. 

Employees should not jump on or off machines in motion, nor 
should persons attempt to direct traffic while they are operating 



Caterpillar Tractor Co. 

Illustration 22-3 

Shut off engine when servicing equipment. If operator slips against clutch with 
engine running, serious injury could result. 
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equipment. A competent signal man should be assigned to direct 
traffic. 

Before repairs are made on earth-moving equipment, the opera¬ 
tor should make certain that motor is not running, particularly if the 
clutch is to be adjusted. Idling motors may cause enough vibration 
to throw in the clutch or release safety pawls. 

The motors of all equipment should be stopped before refueling 
is done. (See also Section 5.) 

The operator should keep deck plates or steps on equipment free 
of grease, oil, ice, or mud. Hobnailed shoes should not be worn. 
Since a slipping hazard is always present, corded soles are recom¬ 
mended. 

Heavy gloves should be worn when handling wire rope. Hands 
should be kept away from sheaves and other working parts. 

Operators should not wear loose clothing which can get caught 
in moving parts of equipment. 


22-3 MOTOR GRADERS 

Operators of motor graders should keep to the right side of the 
roadway. In urgent cases where blading against traffic is necessary, 
extra precautions (flags and barricades) should be used to warn 
traffic. 

When a blade grader is being operated slowly on highway or 
roadway in hilly or rolling country, a red cloth flag should be dis¬ 
played on a staff which projects at least six feet above the left rear 
wheel. 

22-4 BULLDOZERS AND TRACTORS 

General Precautions 

The operator should set the brakes, land the blade, and put the 
shift lever in neutral before he leaves the bulldozer at the end of 
the work shift. He should put the machine on level ground and, if 
possible, where it is inaccessible to children and others. 

The dozer blade should be kept close to the ground for balance 
when the bulldozer is traveling up a steep grade. 
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When a bulldozer is to be ridden down a slope, three or four 
bowls of dirt should be dozed to the edge of the slope. Then the 
operator should ride down the 
slope with this dirt in front of 
the blade. If the dirt is lost on 
the way down, the operator 
should not lower the blade to 
regain the load. Lowering the 
blade might cause the tractor 
to overturn. 

The dozer blade should not 
be used as a brake for going 
down a slope. 

Before moving a bulldozer 
or tractor, the operator should 
make certain that no one is in 
the “danger zone” around the 
equipment. The best pro¬ 
cedure is for the operator to 
walk all the way around the 
unit before he starts up. 



Caterpillar Tractor Co. 

Illustration 22-4 

This operator attempted to adjust front 
cable control with the engine running. 


Only the operator should be 
on the operating platform or 
seat while the machine is in use. He should rigidly observe this 
rule because his efficiency is affected if the limited operating space 
is crowded. 

The operator should not allow anyone to ride on the drawbar 
of the tractor or bulldozer. 

When cranking an engine, the operator should keep his thumb 
beside his fingers and pull up one-quarter of a turn. If the engine 
is cold, the magneto control lever should be advanced. 


22-5 SCRAPERS 

A scraper should not be operated without a safety line attached 
to the pulling unit. Drawbar failure can result in a serious accident. 









The scraper or dozer bowl should always be blocked up when 
blades are being replaced. After the scraper is lifted to the de¬ 
sired height, blocks are placed under the bottom near the ground 
plates. Apron arms are raised to extreme height and a block is 
placed under each arm, allowing the apron to drop enough to wedge 
each block firmly in place. 

When going downhill, the operator should not kick the machine 
out of gear because increased speed may make control of equipment 
difficult. He should leave the machine in gear and use his brakes 
to control speed. If the brakes will not hold the load, the operator 
should drop or drag the scraper bowl or make an emergency stop. 

When wire ropes are to be replaced on scrapers, the operator 
should see that the tailgate is back at the end of travel. 

Operating rules on the job will govern traffic on the haul roads 
and job roadways. On most jobs the rule is to give loaded equip¬ 
ment the right of way. All workmen should observe this rule. 


22-6 EXCAVATION 

The operator should use great care when working equipment near 
the edges of cuts or fills. 

When hooking scrapers, sheepsfoot rollers, and other equipment 
to the tractor or dozer, the operator should make certain that every¬ 
one is in the clear before backing to couple up. If a ground man is 
assisting, the operator should not move until signaled by the ground 
man. 

The machine should be stopped, the shift lever put in neutral, 
and the brakes set before any employee is allowed to couple up the 
trailing equipment. 

22-7 CLEARING 

Operators working at clearing trees should be careful of dead 
limbs and branches. Abrupt contact with the butt of a dead tree 
may crack it in the middle or break off a limb that will drop to the 
tractor top. Bulldozers used on clearing work should be fitted with 
heavy,well-supported, arched, steel canopies to protect operators. 







22-8 MAINTENANCE AND SERVICING 

Bulldozers and tractors should be serviced on a regular schedule. 
When the operator leaves equipment for servicing, he should make 
certain that shift lever is in neutral, brakes set, and the blade 
lowered to the ground or, if necessary, properly blocked up with 
timbers. 

When reeving wire rope through sheaves or on a drum, the oper- 
ator should disengage the master clutch, idle the engine, and lock the 
brakes. He should kill the engine before working with the wire 
rope on a front mounted drum. 

22-9 SECURING EQUIPMENT 

When equipment is secured at the end of the working shift, blades 
should be resting on the ground or chocks. 

F"~ . 



Illustration 22-5 

Untended machines attract youngsters. Note boy under raised dozer blade. 
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Equipment near roads or otherwise exposed to moving vehicles or 
pedestrian traffic should be marked with lanterns or other suitable 
lights. 

If equipment is left in an area open to the public, especially 
curious children, a watchman may be necessary to prevent injury 
to persons climbing upon or even starting machines. Contractors 
have been held liable for injuries and damage caused by trespassers. 


22-8 
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SECTION 23 - EQUIPMENT UPKEEP 

The manufacturers of Contractors’ equipment build durable 
machinery that, if properly maintained, should have a long opera¬ 
tional life. Maintenance is the Contractor’s responsibility, but 
when correctly planned and followed out, it virtually assures safe 
equipment and trouble-free operation. 

A. Well-maintained equipment is safe equipment. 

1. Keep equipment clean. 

2. Repair all minor and major failures immediately. 

3. Follow manufacturers’ recommendations when operating and 
repairing. 

B. Use a well-organized preventive maintenance system to keep 
equipment in good operating condition. 

1. Assign responsibility for maintenance to specific personnel. 

2. Understand the system selected. 



A comprehensive preventive-maintenance system might include these records. 
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3. Adhere to maintenance schedules. 

4. Keep adequate maintenance records (Equipment involved, 
work done, date done, and personnel doing work). 

5. Use petroleum products and other supplies recommended for 
safe and efficient operation. 

An effective maintenance system need not be complicated to be 
workable, despite the large variety of machinery used by the aver¬ 
age contractor. 

The elements of a typical maintenance record system might in¬ 
clude : 

1. A permanent record folder for each piece of equipment. In¬ 
cluded are lubrication and fuel recommendations; fuel and lubricant 
consumption records; lubrication, inspection, and service records; 
special data and overall equipment history. 

2. A lubrication and fuel recommendation card or plate on each 
piece of equipment. This includes lubrication period (operating 
hours) and recommended summer and winter lubricants for engine, 
gears, bearings, wire rope, and other mechanical components. 

3. Weekly service and inspection reports. Individual reports 
to be filed by service crews listing all service and repairs performed. 

4. Delivery tickets. Amounts of fuel and petroleum products 
delivered to each piece of equipment. 

5. Operators’ report forms. Brief forms to be filed by equip¬ 
ment operators requesting repairs and service. The use of a stand¬ 
ardized form, as opposed to verbal requests and notations on odd 
pieces of paper, is recommended to insure timely performance and 
permanent records. 

The use of a comprehensive system, as outlined above, will in¬ 
sure safe, economical operation, and provide valuable operating 
cost information. 
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SECTION 24 - MOTOR TRUCKS 


24-1 OPERATORS 

Operators should be experienced drivers. Only authorized oper¬ 
ators should be permitted to move trucks except in cases of 
emergency. 

All drivers should be furnished copies of local motor ordnances, 
and should be familiar with laws governing traffic in the States in 
which he will operate. These ordnances and laws should be ob¬ 
served at all times. 

Operators' licenses are required if trucks are to be moved on 
public highways. 

24-2 EQUIPMENT 

All parts and accessories should be kept in safe condition. 

Lights, horn, and brakes should operate, or truck should be re¬ 
moved from service until repairs are made. 



Illustration 24-1 

Personnel should not be allowed to ride vehicles in this fashion. 


All lights, reflectors, and other accessories required by motor ve¬ 
hicle regulations should be provided. 
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No person should be permitted to remain in or on truck while 
being loaded by excavating equipment or crane unless cab is ade¬ 
quately protected against impact. 

Material loaded should be within safe weight limit for the truck 
and should not project beyond the truck body in such manner as to 
present a hazard to other vehicles, pedestrians, or structures 

with a redflag'and Ughtefat''night * ^ ^ Sh ° U ' d ^ marked 
.0^“ S " OUld PiW * «—« iarrin. 

While being loaded, trucks should be properly blocked. 

24-4 OPERATING 

Trucks operated on public 
highways should conform to 
weight and clearance limitations 
of bridges, powerlines, over¬ 
head structures, and other re¬ 
strictions. Moving extremely 
large loads or large quantities 
of explosives through popu¬ 
lated areas may require co¬ 
operation with State police and 
other civil authorities. 


Corps of Engineers 

Illustration 24-2 

Operator should be directed by signal- 
a ii man w ** en backing if clear view to the 

oil Operators should be re- rear is impossible, 

quired to stay within posted speed limits at all times. 

vemdSfttof ?oad at T may reqUire extra Precautions to pre¬ 
vent slutting of load when crossing rough terrain. 

Truck should be backed under the direction of a signalman if 
operator cannot view area to the rear clearly. & 

Windshields, rear-view mirrors, and lights should be kept clean. 

24-5 ROADS 

Sh ° Uld ^ -«■ <*«** condi- 
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Safe width, avoidance of sharp curves and changes in grade are 
recommended. 

1 ruck traffic should be routed to avoid cross-traffic and pedestrian 
crossings wherever possible. 

On construction sites, the use of one-way traffic roads is recom¬ 
mended wherever possible. 

24-6 TRANSPORTING PERSONNEL 

Trucks regularly used for personnel transport, but not designed 
for this purpose, should be 
provided with safe seating, 
and side and end protection to 
prevent falls. 

Some convenient means of 
mounting and dismounting the 
truck should be provided. 

No personnel should be per¬ 
mitted to get on or off a mov¬ 
ing truck at any time. 

Personnel should be re¬ 
quired to ride within the space 
provided, never on running- 
boards, fenders, bumpers, atop 
cabs, or elsewhere. 

Adequate wind protection 
should be provided for long-distance trips, and during cold weather. 

Dump trucks should not be used to carry personnel unless body 
of truck is locked to prevent operating. 

24-7 MAINTENANCE AND INSPECTION 

Brakes, steering gears, tires, and all operating parts should be 
inspected daily. This inspection should be made before trucks are 
taken from garage or storage area, to begin the day’s work, so that 
needed repairs can be made conveniently. 
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Illustration 24-5 

Motor-driven turntable used to reverse 
direction of trucks in restructed oper¬ 
ating area. 







Illustration 24-6 


Corps of Engineers 


Operating safety is aided by this type of working area. Note Scotchlighted 
delineators, traffic signs, well maintained surface of adequate width, safe 

grades and curves. 


Operator should report immediately any damage to or failure of 
parts and accessories. 

Road flares, fire extinguishers, and other standard equipment 
should be on truck at all times. 

Vehicles should not be fueled from open cans or by other make¬ 
shift methods, as there is great danger of flash fire from hot motors. 

Motors should be shut off while fueling. 


24-6 
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SECTION 25 - GARAGES AND REPAIR SHOPS 


25-1 GENERAL 

Garages and repair shops should be well ventilated to guard 
against carbon monoxide gas from running engines. If the shop 
is not well ventilated, the vehicle should be driven outside as soon as 
the engine is started. 

Shop employees should be encouraged to wear safety shoes, and 
each should be furnished a pair of goggles. These goggles should 
be in their possession at all times, and they should be required to 
wear them on jobs where an eye hazard exists. 

Gasoline should not be used for cleaning purposes. Kerosene 
or other high flash point solvents—such as trichlorethlene or 
perchlorethlene—should be used for cleaning metal parts, and com¬ 
mercial floor cleaning compounds should be used for cleaning grease 
and oil from floors. Under no circumstances should grease or oil 
be covered with sawdust. 

25-2 RAISING VEHICLES 

Jacks or chain hoists should not be depended upon to support 
vehicles under which men are working. They should also be blocked 
to protect the workmen in the event the jack or hoist fails. 

Aisles and open spaces should be kept free of tools and parts. 

25-3 GRINDING OPERATIONS 

Hoods of sufficient strength to retain the pieces of a broken 
wheel should be installed over all grinding wheels, and should extend 
30 degrees forward from a vertical line through the center of the 
wheel, coming almost into contact with it at the point where the 
wheel is exposed for grinding. These guards can easily be manu¬ 
factured from old brake drums. Goggles should be worn at all 
times when using grinding wheels. 

25-4 FIRE HAZARDS 

Due to the extreme flammability of gasoline vapor, and the 
possibility of spontaneous combustion in oil-soaked rags and waste, 
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precautions should be taken to prevent fires and to quickly bring 
them under control once they have started. 

Rags, waste or trash should not be allowed to accumulate any¬ 
where except in fireproof containers designed for the purpose. 

Crankcase oil should be removed to a safe place as soon as it 
is drained from the engine, and benches and floors should be kept 
as free of oil as possible. 

Fire fighting apparatus should be well distributed, with the 
locations conspicuously marked. (See also Section 36.) 


Asphyxiation and Gas Poisoning 


See Section 2. 


Welding 


See Section 4. 


Hand Tools 


See Section 19. 
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SECTION 26-TUNNELS 

26-1 HAZARDS 

Tunneling is one of the most hazardous of construction opera¬ 
tions. The use of explosives and heavy equipment is usually in¬ 
volved. A large number of men must work in a small area,, under 
artificial light, exposed to rock falls, wet and slippery footing, foul 
airs and gases. 

26-2 PERSONNEL 

Tunnel work requires thoroughly experienced and competent 
supervision. An effective and workable safety program should be 
planned in advance and adhered to. 

Workmen should be thoroughly instructed in safety rules and 
required to observe them at all times. They should report imme¬ 
diately unsafe conditions observed 



Corps of Engineers 

Illustration 26-1 

Adequate lighting, electrical wiring orderly and supported at safe height, 
substantial timbering promote safety. 
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26-3 PERSONNEL PROTECTIVE EQUIPMENT 



All tunnel workers should be required to wear hard hats and 
safety shoes. Where overhead trolleys are used, hats should be of 
non-conductive material. 

When tunneling in rock structures suspected or known to be 
gaseous, the rules of the U. S. Bureau of Mines governing work in 
gaseous atmospheres should be observed. States where gaseous 
rock strata are known to exist have their own local regulations, and 
these should be carefully studied. 

First aid supplies, as suggested in Section 2, should be readily 
available, as well as respirators, flame safety lamps, and gas detectors. 

26-4 SANITATION AND DRINKING WATER 

Sanitary facilities should be provided. Dry closets, water closets, 
chemical closets, or closet cars can be utilized in the tunnel, one unit 
for each 40 men. Closets must be effectively and regularly cleansed, 
and disinfectants and deodorizers should be provided. Surface 


Robert Dyment Photos 

Illustration 26-2 

Drilling jumbo in operation. Note lighting, protective hats and clothing 

worn by men. 
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facilities of conventional type should be provided if it is not prac¬ 
ticable to do so near the working face. One unit for each 15 men is 
recommended. 

Safe drinking water should be supplied. The use of enclosed con¬ 
tainers with disposable drinking cups, or portable sanitary foun¬ 
tains is recommended. Salt tablet dispensers should be located adja¬ 
cent to drinking facilities, and the use of salt tablets encouraged. 
Water containers and fountains should be cleaned and sterilized 
daily. 

If more than 25 men are employed, washing facilities are recom¬ 
mended. Individual lockers, proper heating and ventilating, and 
a warm-water supply are suggested. 


26-5 GENERAL OPERATING SAFETY 

26-5.7 Fire Protection 

All combustible materials should be stored in a building designed 
for that purpose, located at least 100 feet from any shaft, tunnel, or 
structure connected with a tunnel opening. All such materials 
should be kept out of tunnels and shafts. 

Magazines should be located and constructed as suggested in 
Section 9. 

In heavily timbered tunnels, extra caution is necessary, and ade¬ 
quate fire protection should be provided. 

Refer to Section 36, “Fire Hazards and Prevention.” 

Fire extinguishers appropriate to the hazard should be con¬ 
veniently located and clearly identified. 

26-5.2 Lighting 

Electrical lighting adequate to permit safe passage in all areas 
should be provided. Light fixtures should be non-metallic and 
weatherproof. 

While work is in progress, shafts, tunnels, stairways, ladders, 
and all places on the surface should have light intensity of foot 
candle. 
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All hoisting, pumping, and other machinery should be sufficiently 
lighted to permit distinguishing moving parts. 

All wiring should carry extra duty insulation, supported on ap¬ 
proved type insulators. Wiring should not be looped around or tied 
to spikes, pipes or other makeshift supports. All wiring should be 
supported to prevent tripping. 

Switches should be of enclosed safety type. All electrical equip¬ 
ment, including hand tools, should be permanently and effectively 
grounded. J 

Lamps or other emergency lights should be readily available in 
locations where electrical light failure might cause danger. 


26-5.3 Communications 


A telephone system should be provided from the vicinity of the 
tunnel face or heading to the portal, with stations at booster fan 
locations or other places where men are stationed. 


26-5.4 Ventilation 


Ventilating system should provide respirable air in all parts of 
the tunnel. If blowers are used, they should supply at least 100 
cubic feet per minute for each man in the tunnel. If diesel locomo¬ 
tives are operated in tunnel, an additional 75 cubic feet per minute 
should be supplied for each brake-horsepower. For example, a 
100 brake-horsepower locomotive would require 100 x 75 = 7500 
cubic feet of air per minute, in addition to that being supplied for 
each man, at the rate of 100 cubic feet per minute. 

Gasoline engines should be located so that gases are exhausted 
outside the tunnel. 

Frequent tests for dangerous and noxious gases should be made. 

1 he following limits should not be exceeded: 


Carbon monoxide 
Carbon dioxide 
Methane 

Hydrogen sulphide 


.005% 

1 . 00 % 

.25% 

. 001 % 


Oxygen content of the air should not be less than 19%. 
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If tests show that gases listed above exceed the tolerances, addi¬ 
tional air should be supplied to bring them within these limits. 

Additional ventilation is required to remove fumes after blasting, 
and during drilling operations that produce quantities of fine dust. 

The method of determining the amount of carbon monoxide 
present should be the one approved by the U. S. Bureau of Mines. 

26 - 5.5 Dangerous Gas 

Flammable gas is dangerous when more than 2% of methane is 
present, as shown by a U. S. 

Bureau of Mines approved, 
flame safety lamp. 

If dangerous gas is discov¬ 
ered, work should be discon¬ 
tinued until an inspection has 
been made by competent inspec¬ 
tor. Methane gas should be re¬ 
moved before resuming oper- 
tions. 

Smoking should never be 
permitted in tunnels or shafts, 
and signs to that effect should 
be conspicuously posted and enforced. 

26 - 5.6 Hauling 

Safe operating speeds of mechanical hauling equipment should 
be established, based on grades, curves and clearance. 

Locomotive operators should be experienced. Locomotives should 
be equipped with head and tail lights, and gongs. 

Men should not be permitted to ride between cars, on locomotives, 
or in cars other than those specifically designated for this purpose. 

Standing cars should be blocked against accidental runaway. 

All cars should be provided with automatic safety couplers. 
Rocker and cradle cars should be equipped with locks against acci¬ 
dental dumping. 



Illustration 26-3 

Many types of explosive gas indicators 
are available. 
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26-6 TUNNELING IN SOIL 

26 - 6.1 General Requirements 

All of the general recommendations for tunneling safety, Sec¬ 
tions 26-1 through 26-a should be observed. Some suggestions 
aimed at soil tunneling problems are listed in the following section. 

26 - 6.2 Timbering 

Tunnels in soil or mixed rock and soil must be securely timbered 
and braced. The details of timbering are dependent on local soil 
conditions, and should be under the direction of the job engineer. 

Tunnel excavation should not be carried more than 24 inches in 
advance of timbering. 

Timber used should be of good quality, should fit snugly, and 
should be inspected frequently. 

Void spaces behind sheathing should be solidly filled. 



Illustration 26-4 

Two men were killed in this cave-in, resulting from extending heading too 

far beyond bracing. 
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26-7 ROCK TUNNELING 

26-7.1 General Recommendations 

All general recommendations in Sections 26-1 through 26-5 
should be observed. 

26 - 7.2 Drilling 

Jumbos or other drill platforms should be carefully designed and 
constructed to provide safe working conditions. 

Wet drilling is preferable for the reduction of dust. 

Tools should be kept in good operating condition, and the proper 
bits should be used at all times. Air hoses and connections should 
be protected from damage. 

26 - 7.3 Blasting 

Section 9, “Explosives,” includes general recommendations for 
blasting safety. 

All men should be out of tunnel before blasting. The blaster or 
shift foreman should be the last man to leave the face before blast¬ 
ing. 

Caps or primers and explosives should be transported to the face 
separately, in an enclosed conveyance. 

The blaster and shift boss should be the first persons to enter 
the tunnel after firing. A careful examination of the face and fall 
should be made for cut off holes and misfires. 

26-7.4 Tunnel Support 

At least once per day a thorough inspection should be made of 
ceilings and side walls for loose rock and other material. 

Roof bolts can be used to secure relatively solid areas of rock: 
shattered rock, and earth, may require bracing and shoring. 

References 

Practical Tunnel Driving, by Richardson and Mayo, McGraw- 
Hill. 
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SECTION 27-SHAFTS 

27-1 HEAD FRAMES 


The material and construction of head frames should be strong 
enough and durable enough to withstand any strain to which they 
are likely to be subjected. 

All sheaves, wire rope and other rigging should conform to pro¬ 
visions outlined in Section 12—Hoists, Cranes and Derricks. 

To reduce the fire hazard, head frames should be of open frame¬ 
work. They should be of steel construction; but if of timber, 
should be treated with fireproofing material. 


27-2 SHAFT PROTECTION 

Shafts should be provided with a two-rail guardrail at least 
36 inches high, with a toe-board to prevent materials falling into 
the shaft. 

The gate opening into the shaft should be closed at all times 
except when necessary to enter or leave the shaft, or to empty the 
bucket or send materials down the shaft. 

27-3 OTHER OPERATIONS 

Section 26 of this manual (Tunnels) should be consulted for 
provisions on hoisting operations, ventilation, and lighting. Sec¬ 
tion 9 (Explosives) should be consulted for provisions on the 
handling and use of explosives. 


27-4 LADDERWAYS 

Shafts should be provided with ladders from the bottom to the 
surface. They should be inspected regularly and kept in good 
repair. 

Landings should be provided every 30 feet. 

The ladder rungs should not be less than 6 l / 2 inches from the 
wall, or other obstruction in the shaft, to give ample toe room. 

See also Section 16—Ladders. 
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SECTION 28 - COMPRESSED AIR WORK 

28-1 GENERAL 

Whenever men are working in compressed air, there should be 
full compliance with all provisions of the labor laws and rules and 
regulations of all' State and local authorities having jurisdiction over 
such work. 

Every employee should be properly instructed and should be 
required to comply with all rules and regulations which concern 
his safety or the safety of others. 

28-2 HEALTH REQUIREMENTS 

No person should be permitted to work in compressed air until 
he has been examined by a physician and reported to be physically 
fit to engage in such work. 

Employees absent for ten or more successive days should not be 
allowed to resume work until re-examined by a physician. 

Employees who have not previously worked in compressed air 
should not be permitted in any pressure without first being tested 
by a physician in the medical lock. During their first day of work, 
such persons should not be permitted to work longer than the 
approximate period shown in column 4 in Table 28-1 without re¬ 
examination by a physician. 

After a person has been employed continuously in compressed 
air for a period of two months he should be re-examined. 

An identification badge, suitable in appearance to promote “off 
duty” wearing, should be furnished to all employees, advising police 
officials that the employee is a compressed air worker; stating loca¬ 
tion of medical lock; and stating that in case of emergency an 
ambulance should remove the patient to the medical lock and not 
to the hospital. Also, that any expense such as cab fare, or ambu¬ 
lance charge, is guaranteed by contractor. 

When the air pressure exceeds seventeen pounds per square inch 
pressure or when fifty or more men are employed, a physician should 
be in attendance at all times while work is in progress. 
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28-3 HOURS OF WORK 


The working time under compressed air in any 24 hours should 
be divided into two shifts, with an interval in open air. Persons 
who have not worked in compressed air before should work only 
one shift in the first 24 hours. 

No person should be subjected to pressure of more than 50 
pounds per square inch except in an emergency. 


TABLE 28-1 

Pressure Shifts and Intervals of Work for Each Twenty-Four Hour Period 
The total number of hours a man works under any pressure in any twenty-four (24) 
hour period shall be that shown in Column 3 


1 

M inimum 
Lbs. 

per Sq. In. 

GAUGE PRESSURE 

2 

Maximum 
Lbs. 

per Sq. In. 

3 

M aximum 
Total 
Hours 

4 

Max. Hrs. 
1st Shift in 
Compressed 
Air 

HOURS 

5 

Max. Hrs. 
Rest Interval 
in Open Air 

6 

Max. Hrs. 
2nd Shift in 
Compressed 
Air 

Normal 

18 

8 

4 

*4 

4 

18 

26 

6 

3 

1 

3 

26 

33 

4 

2 

2 

2 

33 

38 

3 

1/4 

3 

1*4 

38 

43 

2 

1 

4 

1 

43 

48 

1*4 

Ml 

5 

3 4 

48 

50 

1 

V* 

6 

H 


28-4 COMPRESSION 

Men going under air pressure for the first time should be in¬ 
structed on how to avoid discomfort from the pressure of air upon 
their ear drums. This can be accomplished by continually swallow¬ 
ing as the pressure is increased, or by holding the nose and blowing, 
as this action tends to increase the freedom with which the air can 
pass through the Eustachian tube into the middle ear, thereby 
equalizing the pressure on the inner and outer surfaces of the ear 
drum. 

When workmen enter the air lock, air pressure should not ex¬ 
ceed five pounds during the first minute, and this pressure should 
be held constant long enough to ascertain whether or not any person 
is seriously affected. 
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28-5 DECOMPRESSION 


No person working in compressed air should be permitted to 
pass from the place in which the work is being done to normal air, 
except after decompression in the intermediate lock as follows: 

TABLE 28-2 

Maximum Average Rate 
Maximum Gauge Pressure of Decompression from 
(Lbs. per Sq. In.) Maximum Gauge Pressure 
0-15 3 lbs. per minute 

15-20 2 lbs. per minute 

20-30 3 lbs. per 2 minutes 

30 and over 1 lb. per minute 

The time of decompression should be posted in each man lock in the following form: 
Time of Decompression for This Lock 

.pounds to.. pounds in . ... minutes 

.pounds to. ..pounds in. minutes 


For each 8 hour shift, a record of men employed under air 
pressure should be kept by a special employee who should remain 
outside the lock near the entrance. This record should show the 
period each employee spends in the air chamber and the time taken 
for decompression. 

28-6 AIR COMPRESSING EQUIPMENT 

To insure an uninterrupted supply, all air lines should be in 
duplicate and should be fitted with non-return valves, so that if the 
pressure in the air line becomes less than that in the chamber, the 
air cannot escape back through the air line. 

Compressor plants should be of sufficient capacity to meet all 
ordinary conditions, emergencies, and to provide a safe margin for 
repairs. 

Separate power units, from independent sources, should be pro¬ 
vided for each compressor plant. 

28-7 GAUGES 

When the pressure exceeds 17 pounds per square inch, a record¬ 
ing gauge to show the rate of decompression should be attached to 
the exterior of each man lock. The dial should be of such size 
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that the amount of rise or fall in the pressure within any five minutes 
will be readily shown. 

A back pressure gauge, accessible at all times and kept in ac¬ 
curate working order, should be installed on the outer side of each 
working chamber. 

Back pressure gauges should be tested every 24 hours and a 
record kept of such tests. 

A competent man should be placed in charge of the valves which 
regulate and show the pressure in the working chamber. He should 
not be employed more than 8 hours in any twenty-four. At no 
time should he be permitted to operate more than 2 separate air lines. 

28-8 LIGHTING 

All locks, chambers and working spaces should be adequately 
illuminated by electric lights. Two independent lighting systems 
with independent sources of power should be installed. 

The minimum intensity of light on any walkway, ladder or stair¬ 
way, should be not less than foot-candles and in all work places 
the lighting should be such as to enable workmen to see their way 
about clearly. 

All wiring for light and power circuits should comply with re¬ 
quirements of the National Electrical Safety Code for damp or 
hazardous locations. 

External parts of lighting fixtures and all other electrical equip¬ 
ment when within 8 feet of the floor should be constructed of non¬ 
combustible, non-absorptive insulating materials, except that metal 
may be used provided it is effectively grounded. 

Portable lamps should be equipped with non-combustible, non- 
absorptive insulated sockets, approved handles, basket guards and 
approved cords. Frayed or defective cords or pendant conductors 
should be discarded. 

28-9 EXHAUST VALVES 

Exhaust valves, having risers extending to the upper part of 
the chamber if necessary, should be provided and operated at such 
times as may be required, and especially after a blast. 
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Men should not be allowed to resume work after a blast until 
the smoke and gas have cleared. 

In the event the concentration of smoke or gas exceeds the 
limits prescribed by competent medical authority, adequate respira¬ 
tory protection should be provided and used by any person entering 
such atmosphere. 

28-10 SIGNALS 

Reliable means of communication, such as bells or whistles, 
should be maintained at all times between the working chamber and 
the surface, and telephones should be installed wherever possible. 

In all cases, reply signals, repeating the original signals, should be 
made before any cage, skip, bucket, or elevator is placed in motion. 

Any code of signals used should be kept conspicuously posted 
near workplace entrances. 


28-11 SAFETY SHIELDS 

When compressed air is employed in the prosecution of caisson 
work in which the working chamber is less than twelve feet in 
length, and when the caissons are at any time suspended or hung 
while work is in progress, so that the bottom of the excavation 
is more than nine feet below the deck of the working chamber, a 
shield should be constructed therein for the protection of the 
workmen. 

28-12 LOCKS AND SHAFTS 

Locks, reducers, and shafting used in connection with caissons 
should be constructed of not less than one-quarter inch steel plate. 

Shafts should be subjected to a hydrostatic or air-pressure test 
of 75 pounds per square inch, and should be stamped on the out¬ 
side to show the pressure to which they have been subjected. 

Shafts should be provided, where space permits, with a safe, 
suitable staircase for its entire length, including landing platforms 
not more than twenty feet apart. Where this is impracticable, suit¬ 
able ladders should be installed with landing platforms not more than 
twenty feet apart. 
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Caissons having a diameter or side of more than ten feet should 
he provided with a man lock and shaft for the exclusive use of 
workmen. 

A medical lock should be established, located as near the site of 
the work as practicable, and maintained in connection with all 
work in compressed air when the maximum pressure exceeds seven¬ 
teen pounds. Such lock should be not less than six feet in height 
(inside measurement), suitably floored, and should be divided into 
two compartments. Each door should be provided with a bull’s 
eye and fitted with an air valve so arranged to be operated from 
within and without. Such lock should be kept properly heated, 
lighted, ventilated, and should contain a gauge, timepiece, telephone, 
cot, benches, and proper surgical and medical equipment. Such lock 
should lie under the control of the physician in charge and there 
should he maintained nearby a first afd room, which should con¬ 
tain a bath tub, and all medical and surgical appliances necessary 
for first aid in case of accident. 

28-13 SINKING OF CAISSONS 

Caissons should not be dropped more than 24 inches at any one 
time by the method of removing the air pressure, and then only 
by the person in charge. 

Caissons should be properly and adequately braced before load¬ 
ing with concrete or other weights. 

Pig iron and other weights used for sinking caissons should be 
piled in an orderly and safe manner and the weights provided with 
rings for easy handling. 

28-14 VENTILATION 

The supply of fresh air to the working chamber should at all 
times he sufficient to permit work to be done without danger or 
excessive discomfort. 

The air in the workplace should be analyzed by the contractor 
each day and a record kept of such tests. 

The temperature of all working chambers which are subjected 
to air pressure should be maintained so as not to exceed 85 de¬ 
grees F. 
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28-15 SANITATION 


Properly heated, lighted, and ventilated dressing rooms should 
be provided for all employees engaged in compressed air work. 
Such rooms should be accessible to men during the intermission 
between shifts. 

Adequate toilet facilities should be provided. Absolutely no 
nuisance should be tolerated in the air chambers. 

Smoking should be strictly prohibited and all matches and smok¬ 
ing materials should be left in the dressing rooms. 

Care should be taken to keep all parts of caissons and other work¬ 
ing compartments, including lockers, dryrooms, rest rooms, and 
other equipment, in a sanitary condition and free from refuse, and 
decaying or other objectionable matter. 
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SECTION 29-BOILERS 


29-1 GENERAL 

The material included in this manual is not intended to be all- 
inclusive, and refers only to smaller, low pressure boiler units. 
Safety recommendations for the operation of large and high pres¬ 
sure installations are included in Section VII, American Society of 
Mechanical Engineers Boiler and Pressure Vessel Code, titled 
“Suggested Rules for Care of Power Boilers.” 

29-2 OPERATORS 

All boiler operators should be experienced, competent personnel. 

29-3 LOCAL ORDINANCES 

Before installing boilers or moving them into States having 
boiler codes, they should be checked for compliance with these 
codes. As soon as boiler has been installed, local inspection officials 
should be notified, and requested to perform required inspection. 
Inspection certificates should be posted in plain view, in the vicinity 
of the boiler. 

29-4 BOILER HOUSE 

The boiler house or operating area should afford protection to 
the boiler and associated machinery. Space around the boiler should 
be kept in order. Racks for necessary tools will assist in preventing 
loss and maintaining good housekeeping. 

29-5 PREPARING FOR SERVICE 

Before filling boiler for service, make sure that all scale, oil, and 
foreign matter have been removed. Gaskets should be in good 
condition. Graphite paste should be used to prevent gaskets from 
sticking and provide tight fit. 

29-6 FILLING 

Do not refill boiler unless it is cool. Boiler should be vented to 
permit air escape, and should be filled to the normal working level. 
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29-7 GETTING UP STEAM 

Ventilate thoroughly, and start fire with damper and draft doors 

j r , ghl Z. inflamma ble oi ls or gasoline should not be used with 
solid fuels. Fire should be started early so that steam pressure may 
be raised gradually. 


29-8 GAS, OIL, OR POWDERED FUEL 

Fuel supply should not be turned on at any time until furnace 
has been thoroughly ventilated, and a lighted torch or other means 
of ignition properly placed to ignite fuel instantly. 

29-9 WATER LEVEL 

I toper water level should be checked frequently. Gauge cocks, 
gauge glass and all connections should be checked, and proper work- 

'u g ?r! er 1 , nsured - Gau ge glass should not be relied upon, and 
should be checked several times during each shift with the gauge 

COCKS. 

29-10 LOW WATER 

In case of low water, fuel bed should be immediately covered 
with ashes, fresh fine coal, or earth. Ashpit doors should be closed, 
re door left open. If gas, oil, or powdered coal are used as fuels, 
tuel supply to burner should be shut off. Feed water should NOT 
be turned on. Safety valves should NOT be opened or tampered 

with in any way. Allow boiler to cool, then determine cau«e of 
low water. 

29-11 FOAMING 

In case of foaming, reduce furnace temperature and decrease 
load on boiler until true water level can be determined. Maintain 
a normal level by alternately feeding fresh water and operating the 
blow-off valve. Use the surface blowdown freely, if boiler is 
provided with one. Cool, empty, and clean the boiler as soon as 
it can be done, and investigate for causes, such as feedwater im- 
purities. 

29-12 SAFETY VALVE 

Safety valves should operate automatically with sufficient fre¬ 
quency to make sure that it blows at a pressure not in excess of the 
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operating pressure. Each valve should have a try lever with which 
it may be opened by hand. Valves should be lubricated with 
cylinder oil. 

29-13 BLOWING OFF 

Two gauges of water should be blown down twice daily. If 
surface blowcocks are used they should be opened often, for a few 
moments at a time. Open and close slowly to avoid water hammer. 

To avoid scalding persons, blow pipe should lead to sump or pit. 
If pipe leads to open space, baffle should be placed opposite the outlet. 

Scale should not be allowed to accumulate as it is likely to cause 
rupture or violent explosion. When feed water contains much scale 
forming matter, it is advisable to remove it by chemical treatment. 

Boilers should be opened for cleaning and inspection at least 
once per month; more often if feed water is poor. 

All parts of the boiler, and particularly those subjected to direct 
heat, should be carefully examined for wear and defects. 

29-14 LAYING UP BOILERS 

Boiler should be emptied and cleaned thoroughly, inside and out, 
removing all scale. Interior should be dried to prevent rust. Ex¬ 
terior should be painted with linseed oil, and boiler left open to 
circulation of air. Fire box should be cleaned and painted, and 
all soot removed from the flue chamber. If in a damp place, a 
pan of slaked lime or other moisture absorbing material should be 
put in the boiler during storage. 

No oil or other preservative should be used to protect the inside 
of the boiler, as this may cause foaming when boiler is put back- 
in use. 

29-15 REPAIRS 

No repairs of any kind should be attempted to boilers or piping 
under pressure. 

References 

American Society of Mechanical Engineers, Boiler and Pressure 
Vessel Code, “Suggested Rules for Care of Power Boilers.” 
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SECTION 30 - UNFIRED PRESSURE VESSELS 

Courtesy of The American Society of Mechanical Engineers 

The use of this type of vessel is steadily increasing both for 
storage purposes and with apparatus such as air compressors, and 
unless care is taken in the selection, operation and maintenance of 
such vessels, severe hazards are involved. 

Makeshift installations should be avoided. Only pressure vessels 
designed by the manufacturer in accordance with approved stand¬ 
ards for the use intended should be used. A careful observance of 
this rule will eliminate many a serious accident. 

All pressure vessels should be protected by adequate safety and 
relief valves together with such indicating and control devices as 
will insure safe operation. All protecting devices should be so con¬ 
structed, located and installed that they cannot readily be rendered 
inoperative. 

The pressure at which a safety valve is set to operate should not 
be in excess of the maximum allowable working pressure stamped 
on the vessel. 

The maximum allowable working pressure is the maximum 
pressure at which a pressure vessel may be operated as measured 
by the gauge. 

All vessels should be so supported as to properly distribute the 
stresses due to the weight of the vessel and contents. Supports should 
rest on or be anchored to ample and secure foundations. 

Care should be taken to prevent both exterior and interior cor¬ 
rosion of the walls of the vessel. 

Frequent inspections of safety valves should be made to insure 
their workable condition. 

Consult your municipal or State laws with respect to the in¬ 
stallation and use of this type of vessel. 

Reference 

American Society of Mechanical Engineers Code for Unfired 
Pressure Vessels. 1946 Edition. 


June, 1958 


30-1 














SECTION 31 - RAILROAD CONSTRUCTION 

31-1 ROLLING STOCK 


No contractor’s equipment should be operated on commercial 
railroad lines without first having obtained approval of the Super¬ 
intendent of the Divison, who will specify the operating conditions. 

All locomotives, locomotive cranes, shovels and railway cars 
should be periodically inspected and maintained at all times in a 
safe and proper condition. 

All locomotives, locomotive cranes, and railway cars should be 
equipped with Association of American Railways standard auto¬ 
matic couplers. The use of rolling equipment with link and pin 
couplers should not be permitted, except temporarily in special cases, 
or with the approval of the project engineer. In such cases only 
equipment having extension drawheads should be approved. 

Locomotives should be inspected daily for broken flanges. 
Monthly inspections of steam locomotive boilers, steam gauges and 
safety valves should be made. 

Each train should be equipped with re-railing frog, switch cable 
and switch chains for re-railing cars. 

Only those persons engaged in operating locomotives or cranes 
should be allowed to ride on them. 

When operating locomotives and cars on commercial railroad 
lines, it is necessary to maintain footboards, grab rims and steps in 
accordance with Interstate Commerce Commission rulings. They 
should, however, be well maintained at all times. 

Trains should always come to a full stop for employees to board. 

31-2 ROADWAY EQUIPMENT 

All frogs, switches, and guardrails should be provided with 
suitable blocks of wood or metal so placed as to prevent a person 
catching a foot in such equipment. 

Trestles on which employees walk should be provided with a 
walkway on at least one side. The outer edge of the walkway should 
be guarded with a standard railing. 
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Where dumping from dump-bottom cars is done from trestles, 
both sides of the trestle should be provided with suitable walk¬ 
ways or platforms properly railed. 

All crossings should be safeguarded by the use of gates, bells, 
watchmen, lights, warning signs, or other suitable means, as traffic 
conditions may require. 

Minimum clearance between tracks and structures or tracks and 
material piles should be maintained as follows: 

(1) Side clearances, 5 feet 8 inches from center line of track 
to loading or unloading docks, walks, and platforms; 8 feet from 
center line of tracks whenever not otherwise specially provided. 

(2) Overhead clearances, 22 feet from the top of rails to any 
overhead structure. Clearance to electric wires should conform to 
the rules of the National Electrical Safety Code. 

(3) Track clearances, 13 feet from center to center of tracks. 

The above clearances are based on tangent measurements. Proper 
allowances should be made for curve in the track. 

Material should not be stored between railroad tracks, nor closer 
than 10 feet from centerline of any operated track. 

31-3 EXCAVATING EQUIPMENT 

When excavating parallel to high banks, caution should be exer¬ 
cised to prevent loose material and objects becoming dislodged and 
falling on workmen below. 

Employees should be warned not to stand between the machine 
and high banks of soft material where there is danger of a cave-in. 

Pitmen should be warned against working in front of machines 
while they are in motion. 

All runways, decks, steps and handholds of machines should 
be kept clear of waste oil, grease, and loose tools to avoid slipping 
or falling. 

31-4 DUMP CARS 

Only trainmen should ride dump cars and then only when neces¬ 
sary for the operation of the train. 
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Only competent men, trained for the job, should be assigned 
to operate dump cars. 

Loads should be inspected before leaving loading point to avoid 
danger of falling material. 

31-5 SPREADER CARS 

All air reservoirs, pumps, and air lines or hand winches for 
raising or lowering wings should be inspected regularly. Raising 
and lowering handle should be removed from the shaft when not 
in use. 

Employees should not be allowed to ride on the wings or stand 
near the wing braces while spreader car is in motion. 

Wings should be securely fastened when machine is being moved 
with wings closed. 

31-6 COUPLING AND UNCOUPLING 

Employees should not go between or in front of moving engines 
or cars to couple or uncouple them, connect or disconnect hose, or, 
except in an emergency, to turn angle cocks. 

The use of hands or feet to adjust drawbars, knuckles, or lock 
pins while cars or engines are about to couple should be prohibited. 

Equipment should be stopped and spaced a safe distance before 
drawbars, knuckles or lock pins are adjusted. 

Cars should not be uncoupled except with the pin lift lever. If 
lever does not work, the train should be stopped and full protection 
secured before pulling the pin by other means. 

Care should be taken to see that signals are not given to move 
the engine or cars while an employee is between or under them. 

31-7 HAND BRAKES 

On cars which are to be controlled by handbrakes, brakes should 
be tested before the cars are cut off. 

Holding the brake tension by hand without the use of pawl and 
ratchet on a moving car should be forbidden. 
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Stepping from side ladder to brake stop and vice versa should 
l)e prohibited. Step to end ladder first and keep a firm grip and safe 
foothold. 

31-8 SWITCHES 

Before throwing switches, be sure to warn employees clearing 
or repairing them. 

31-9 BLUE SIGNALS 

A blue signal displayed at one or both ends of an engine, car, or 
train means that workmen are under or about it; when thus pro¬ 
tected, it must not be coupled. Other equipment should not be 
placed on the same track so as to intercept the view of the blue 
signals without first notifying the workmen. 


Reference 

Safety Rules Governing Maintenance of Equipment and Stores 
Employees, American Association of Railroads. 

Safety Rules Governing Maintenance of Ways and Structures 
Employees, American Association of Railroads. 

Safety Rules Governing Train, Engine and Other Transportation 
Employees, American Association of Railroads. 

Safety Rules Governing the Care, Maintenance, and Operation 
of Mechanized Material Handling Equipment Used in Railway Sta¬ 
tion Operations, American Association of Railroads. 
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SECTION 32 - QUARRIES AND GRAVEL PITS 

32-1 QUARRIES 

The rock face of the quarry should be scaled frequently to main¬ 
tain safe working conditions. Scalers should wear hard hats and 
safety belts, and be securely tied off while at work. 

Wherever practicable, a minimum distance of ten feet should be 
maintained between workmen unless two or more are required to 
accomplish the same task. Respirators should be worn by drillers 
and other workmen if dry-air drilling methods are used. 

If possible, the face of the quarry should slope enough to 
eliminate the danger of rocks falling upon the workmen. 

All quarries should be fenced and signs warning of the danger 
of blasting should be posted. 

32-2 GRAVEL PITS 

Continuous care and alertness should be shown when conducting 
operations on frozen materials, or material sufficiently compacted 
to stand in vertical banks, to avoid the possibility of being injured or 
buried by sliding or falling material. 

Banks should not be undercut at any time, and any overhanging 
banks occurring as the result of slides or cave-ins should be re¬ 
moved before beginning excavation operations beneath them. 

Extreme care should be exercised in the use of trucks and other 
equipment on or near the rim of the quarry or gravel pit. 

32-3 SCREENING AND PROCESSING PLANTS 

All gears, belts, chains, pulleys and exposed shafts should be 
equipped with guards. 

Rock crushers should be screened to prevent flying chips of rock 
from injuring persons in the vicinity. 

Vibrating or rocker screens should be fitted with sides and baffles 
to prevent rock from falling off the screen to the floor. Where 
material's are being processed dry, an exhaust system should be used 
to remove the dust, or respirators worn by the workmen. 
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All oil and grease cups should be so located or extended that 
they can be serviced without the oiler exposing any part of his 
body to possible accident. On machinery where this is not prac¬ 
tical, the machinery should be shut down while being oiled. 

All walkways not permanently enclosed should have guard rails 
with toe boards installed. All working platforms, access stairways 
and ramps should have adequate guards. 

Washing equipment, clarifiers, screw classifiers, etc., should have 
substantial guard rails. 
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IF SKIDS ARE DESIRED, PROVIDE 
2 PLATE EARS FOR BOLTING, 
AND PLANK FLOOR AS SHOWN. 
































































SECTION 33 - PIPELINES 

33-1 STRINGING PIPE 

Everyone should be in the clear before pipe is rolled from a truck, 
and workmen should stand near either end of the pipe and not near 
the middle. 

Makeshift tools, such as pick handles or boards, should not be 
used for carrying pipe; special tools are made for that purpose 
and should be used. 

All intersections, driveways and walkways should be kept clear 
of obstructions by “doubling up” the pipe on each side of the in¬ 
tersection. 

All pipe strung in populated areas should be lamped at night and 
flagged by day, at intervals of 20 feet. 

33-2 HANDLING 

Pipe up to 12" may be rolled from the truck and dropped to the 
ground provided rope mats or bumpers are laid on the ground to 
absorb the shock of impact. 

Larger pipe should be eased down skids hooked to the side of 
the truck or lifted off by means of a portable derrick. 

When easing pipe down skids, men should stand at the rear of 
the pipe with ropes passed around the pipe in such direction that the 
fixed end of the rope passes over the top of the pipe and the held 
end under the bottom. 

Pipe should be stored where it will not become filled with refuse 
or water and where it will not roll into the paths of vehicles or 
pedestrians. 

Where it is necessary to string pipe considerably ahead of trench¬ 
ing operations and especially out of sight, frequent inspections of 
the pipe should be made both during the day and night. 

33-3 PRECAUTIONS IN THE USE OF TRENCHING MACHINES 

Never oil or grease the machine while it is in motion. 

All moving parts should be guarded. 
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Operators should keep employees away from machines when in 
operation, as rocks, etc., frequently fall from buckets and belt. 

Employees who clear buckets of large rocks, roots, sticks, etc., 
are in danger of falling against moving parts or having the bank 
cave in and drop them on the bucket wheel or chain; they should 
be afforded a handhold of some kind. On some types of machine, 
it is feasible to place a railing around the bucket chain. 

Trenching machines and operations should be well flagged by day 
and lamped by night. 

Long handled shovels should be provided workmen engaged 
in pushing displaced dirt into the path of the trenching machine 
buckets. 

Gasoline tanks should be filled only with safety type cans. 

The spout should always be kept in metallic contact with the 
digger to prevent static electricity from sparking across the gap. 

If a spout can is not used, there should be a ground chain on the 
can to drain off any charge. 

Trench dirt should be thrown between trench and highway to 
act as a barrier when practicable. 

Lamping should be liberal on all highway or street work; a lamp 
every twenty fee is not excessive. 

The open end of trenches should always be barricaded. 


33-4 TRENCHING BY HAND 

Men should be spaced far enough apart to prevent them from 
injuring each other; twelve-foot spacing is recommended. 

A clear space at least 18 ' wide should be kept along the edges of 
trench to prevent rocks, tools, etc., from falling on persons in ditch. 

Tools, rocks, etc., should be kept on outer slope of excavated 
material or on opposite side of trench from the excavated material 
where surface is flat. 

On hard surface roads where traffic is maintained, pebbles and 
small stones should be continuously swept into the excavated mate- 
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rial in order to prevent their being thrown by tires and injuring 
persons or property. 

All trenches over 6 feet in depth should be shored, unless mate¬ 
rial will stand without danger of collapse. Very stiff clay and solid 
rock may not require shoring. Material under hydrostatic pressure 
may need continuous sheathing to exclude water and remain stable. 
See Section 7, Excavation and Shoring. 

If trench is deep enough to require handling of excavated mate¬ 
rial by staging, these work platforms should be soundly con¬ 
structed and braced. 


33-5 PAVED STREETS 

Where necessary to break paving, pneumatic tools should be used 
if available, as fewer chips and spalls fly than from use of hand tools. 

Canvas barriers should be erected between workmen and side¬ 
walk to prevent chips causing injury to public. 

Exhaust ports of jack hammers should be covered with burlap 
or metal guards to prevent spalls or dirt being blown into eyes of 
passersby. 

Workmen should wear suitable goggles. 

Where hand sledging and bars are used for breaking paving, 
the bars should be changed and redressed before the heads become 
badly mushroomed. 

Bars should be held by tongs—not by hand. 

When tools are redressed the heads should not be tempered, 
as hard heads spall and are far more dangerous than those that 
mushroom. 

Sledges should be examined to see that heads are tight and 
handles not roughened or split. 

Strikers should have good footing and clear space for the swing 
of the hammer. 

33-6 UNCOVERING PIPE LINES 

Uncovering operations on repair work of gas or oil lines should 
be conducted with the greatest care because of the hazard of fire. 
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Mechanical drills, shovels, and similar equipment should not be used 
where flammable vapors are coming from the earth. Hand tools, 
such as picks and shovels, should be handled with care where stone 
or metal is likely to be encountered. 


33-7 WELDING 

Proper protective equipment and clothing should be used by 
welders and their helpers. See also Section 4. 


References 

Fundamentals of Safety jn Pipe Line Construction. An address 
by B. G. Pierce, January 18, 1955, Pipe Line Contractors’ Associa¬ 
tion meeting, Los Angeles, California. 

Safety Manual for Pipe Line Construction, Pipe Line Contrac- 
tors Association. 
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SECTION 34-MARINE EQUIPMENT 

34-1 ACCIDENT PREVENTION ORGANIZATION 


Many firms operating floating plants have established continuing 
accident prevention programs as a means of promoting safe marine 



operations. Safety committees have been organized aboard dredges, 
quarter-boats, larger tugs, and other craft with relatively large 
permanent crews. These committees may be headed by the Captain, 
who is responsible for the safety of the vessel and crew, and have 
proven useful in detailing and 
carrying out effective safety 
programs. 


34-2 CREW 


Only persons experienced in 
handling water craft, and fa¬ 
miliar with the rules of the 
road, should be allowed to oper¬ 
ate boats of any type. Regular 
safety meetings should be held 
to insure continued observance 
of the rules, and to indoctrinate 
new crew members to these 
rules. 

34-3 EQUIPMENT 

Every craft should be pro¬ 
vided with a life preserver 
vest for each person on board. 


Corps of Engineers 

Illustration 34-1 

Small craft used for rescue operations. 
Note line, life preserver, boathook, se¬ 
cured oars, life vests worn by crew. 
Capacity of boat is clearly posted on 
bows. 

In addition, all barges, dredges, 


quarter-boats, and power propelled boats should have one or more 
life preservers. 


34-3 .1 Life Preserver Vests 

Life preserver vests should be worn by all personnel working on 
floating pipe lines, barges not equipped with guard rails, structures 
extending over the water, while working over the side of any vessel, 
and while working alone at night or in small craft, except when 
in an enclosed cabin or cockpit. 
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Life preserver vests should be capable of sustaining a weight of 
16 pounds for at least three hours, in fresh water. Each vest 
should be tested at least twice yearly by attaching an 18)4 pound 
iron weight (which weighs 16 pounds when submerged). Vests 
failing to support this weight should be replaced. Discarded vests 
should be destroyed to prevent unintentional reuse. 


34 - 3.2 Protective Clothing 

Hard hats should be worn when working 1 around derricks or 
overhead loads. 

Proper type of safety goggles should be worn by personnel en¬ 
gaged in chipping, grinding, welding, and other operations present- 
ing eye hazards. 


Leather palm work gloves prevent burns, cuts, and slivers when 
handling cable, or line. Standard work gloves are needed when 
handling hose, pipe, and other materials. 



Illustration 34-2 


Corps of Engineers 


Equipment transported or operated from barges must be secured to prevent 

movement. 
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All clothing, especially when worn in the vicinity of machinery, 
should be snug fitting, allowing freedom of movement for working. 

Shoes should have non-skid soles, and should be provided with 
safety toes if needed. Shoes worn aboard gasoline barges should 
be completely free of heel and toe plates, protruding nails, and other 
metallic spark hazards. 

34-3.3 Fire Protection 

Each power propelled craft should be equipped with sufficient 
fire extinguishers to control fires. Each barge, dredge, and quarter 
boat should have at least two suitable fire extinguishers, installed 
in prominent, easily accessible places. Fire hoses with spray nozzles 
are recommended aboard larger craft. Every crew member should 
be familiar with the location of fire extinguishers and hoses. 
Aboard larger craft, each crew member should be assigned fire con¬ 
trol duties and regular fire drills should be held. 

Inspect all fire extinguishers periodically, in accordance with 
manufacturer’s instructions. 

Inspect daily for accumulated gasoline, oil, or fumes in the 
bilges. If the boat is in daily use, all gasoline lines, tanks, and 
carburetor should be inspected daily for leaks. Gasoline-powered 
boats should be equipped with a fuel cutoff valve with two pulls, 
one at the operator’s seat and the other at the rear deck, for cutting 
off the fuel supply in case of fire or engine flashback. 

SMOKING should be prohibited during fueling operations. 

Gasoline engines should not be started until the bilges and cabins 
have been opened and mechanically vented of gasoline fumes that 
may have accumulated. Non-sparking electric fans should be used 
for ventilating when practicable. 

When a gasoline engine powered boat is not being operated, 
the fuel supply line valve at the gasoline tank should be closed. 

34-3.4 First Aid 

First aid supplies should be carried aboard all craft, and arrange¬ 
ments for ambulance service should be made as location changes. 
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Section 2, first Aid, details suggested first aid supplies to be 
provided. 


34-4 DREDGES 


1. Inspect all wire ropes, cables, fittings, chains, sheaves, and 
other operating parts at regular intervals. Report worn or broken 
parts promptly to proper authority. 

2. Hoist lines, drag lines, buckets, cutter heads, and bridles should 
be inspected daily. 



Illustration 34-3 


Corj)8 of Engineers 


Clear walkway of adequate width on floating pipeline. Note life preservers, 
walkways over ball joints. 


3. Oiling and greasing should be done only when machine is 
shut down. When moving parts can be greased only by rotating the 
part, the procedure used should be reviewed by the supervisor, and 
strictly adhered to after his review and approval. 

4. No crewman should enter hydraulic dredge gear rooms with¬ 
out first informing the leverman. No crewman should enter the 
gear room unless accompanied by a fellow worker. 
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5. A walkway with a minimum width of 20 inches should be 
provided on all floating pipe lines. The walkway should be securely 
attached to the pipe, and should be provided with a secure handrail. 
The rail should be a rigidly supported member ; cable and chain 
or fiber rope should not be used. 

6. All employees handling short pipe should wear leather palmed 
work gloves. Pipe should be moved by using the handle, or rolled 
with the flat of the hand. Walking on short pipe should be per¬ 
mitted only where and when absolutely necessary. 

7. The location of all underwater cables, pipe lines, and other 
hazards should be carefully determined by consulting up-to-date 
marine charts and observing shore and floating warning signals. 

34-5 DERRICK BOATS 

1. Derrick operators and crews should wear hard hats at all 
times when working. 

2. Life vests should be worn when exposed to water hazard. 

3. Leather-palm working gloves should be worn when handling 
cable, slings, etc. 

4. The decks should be kept clean and free of grease and oil at 
all times. Blocks, cable, and other gear should be stowed when 
not in use. 

5. Slings, hooks, cables, and sheaves should be kept in good re¬ 
pair and regularly inspected. Any sign of wear or failure should 
be promptly reported. 

6. When hoisting or moving loads only one designated work¬ 
man should give signals; if the load is being placed in another 
location, a designated workman at that point should take over and 
give signals. The standard signals illustrated n Section 12 are 
recommended. 

7. Workmen should never stand under loads, nor should loads 
be passed over workers. Taglines should be used for handling 
heavy or unwieldy loads. 

8. Hold hooks or slings in place with a short stick when taking 
the strain of a load. 
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9. Machinery should be shut down for oiling, greasing, and 
repairs. 

34-6 BARGES 

1. SMOKING should be prohibited aboard any barge used for 
transporting gasoline or other flammable materials. Empty or par¬ 
tially filled barges are more dangerous in this respect than are loaded 
vessels. Shoes worn aboard such barges should be completely free 
of metal plates, protruding nails, and other spark hazards. 

2. Before welding or other repairs are undertaken, all flam¬ 
mable liquids and vapors must be removed by flushing and venting. 

3. All stumbling hazards and the outer three inches of deck, 
if unprotected by railings, should be painted bright yellow. All 
open hatches should be guarded and lighted during hours of darkness. 

4. Shoes with non-skid soles and life vests should be worn 
aboard all barges. 

34-7 POWER BOATS 

Gasoline and diesel powered small craft used for transportation 
or as work boats should be maintained in safe condition. 

Each power boat should be equipped with bails, life vests, pre¬ 
servers, boat hooks, line, lights, and oars for emergency use. 

Decks and bilges should be kept clean and free of grease, oil and 
debris. 

Fuels and lubricants should be stored and handled in such a man¬ 
ner as to minimize fire hazards. The use of damaged, leaking fuel 
hose, funnels, cans, etc., should be prohibited, as should smoking 
in the vicinity of fuel storage and dispensing areas. 

34-8 QUARTER BOATS 

1. All quarter boats should be maintained in clean and safe 
condition. Sanitary facilities and drinking water should be ade¬ 
quate for the personnel aboard. Proper lighting and ventilation 
of living quarters should be provided. 

2. All quarter boats should be equipped with guard railings at 
least 36 inches high on all walkways and around all open decks. 
Ladders and stairways should be clean and well lighted. 
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3. Regular inspection of quarter boats by responsible authorities 
is, recommended. 

34-9 SMALL CRAFT 

1. Small craft such as skiffs and row boats, used as safety boats 
or personnel carriers, should have plainly marked in a clearly 
visible location the maximum number of persons that can be safely 
carried, and this number should never be exceeded. 



Post-Dispatch Black Star Photos 

Illustration 34-4 

Repair and maintenance should be performed only when equipment is shut down 
for that purpose. Note life vest. 
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34-10 GENERAL 


1. All craft, regardless of size, should be operated according 
to the applicable navigational rules and regulations, and should be 
lighted in accordance therewith. 

2. Running lights and deck lights should be checked daily. 

3. Personnel should be discouraged from jumping to or from 
any boat which is not secured, and from jumping between craft 
when a gangway should be used. 

34-11 SUGGESTED INSPECTION CHECK LIST 

The illustrated check lists for the inspection of engine room and 
deck departments have been developed by the American Waterways 
Operators, Inc., and may be useful in developing inspection pro¬ 
cedures. 

References 

Accident Prevention Guide for Inland Waterways Industry, 
American Waterways Operators Incorporated. 
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Dot*..........By.____ 

INSPECTION CHECK LIST 

for 

GOOD HOUSEKEEPING, ACCIDENT AND FIRE PREVENTION 

DECK DEPARTMENT 


„ Remarks 

A. Paint Locker 

1. Sufficient shelf or locker stowage 

for paint, brushes, thinners. 

Grade 

2. Covered metal containers for 

oily rags—empty daily. 


3. Decks and shelves clean of paint 

and oil spills....'. 


4. Locker free of oil or 

paint soaked rags. 


5. Thinners and solvents 

in safety containers. 


B. Deck Locker 

1. Sufficient stowage—gear easily 

found and removed. 


2. Lines clear of heat and water— 
free air circulation. 


3. Decks clear and clean 


C. General 

1. Lines coiled and hung on cleats 


2. Wire cables, worn or frayed, replaced. 


3. Trash and debris on deck 

clear of passage. 


4. Decks clean of oil. 


5. Tripping hazards removed or 

painted bright color. 


6. Good stowage for ladders. 


7. Supplies of oil absorbent 

material at hand. 


8. Light globes clean and bulbs working 


9. Work areas cleared of tools and 

equipment before leaving job. 

— 

10. Ladders clean—rails tight 

11. Life Saving and Fire Fighting 

apparatus in good condition. 

— 

12. Navigation lights working properly 

13. Safety rules posted on bulletin board 


14. Sufficient number of life jackets, 

safety goggles, first aid gear aboard. 


D. Other 



Notts: 
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Vessel----Inspected at- 

Date__By-----—— 

INSPECTION CHECK LIST 

far 

GOOD HOUSEKEEPING, ACCIDENT AND FIRE PREVENTION 


ENCINE DEPARTMENT 


K»marks 

Machine Shop 

1. Brush instead of hands for 

Hearing rhipc filing* fl^ . 

Grade 

2. Tool rack with space for each tool 


3. Proper stowage for stock and spares 


4. Stops on drawers 


5. Guards in place 

— 

6. Goggles clean and handy 

7. Safety glass on grinder clean 

and in place—--— . ...—— 



8. Fire fighting apparatus in good condition 


B. Gwral 


1. Supplies of oil absorbent 

material al hand . . .. .. 


2. Covered metal containers for 


3. Floor plates and gratings 

kept clean of oil..._._....... 


4. Guards in place over gears and belts 


5. Rails and threads of ladders 

dean of oil . ._. . . .... 


6. Drip pans where needed— 


7. No loose gear on beams or 

nlk^r overhead plnref . 


8. No rags, paper, debris 

in hidden rornert .... . 


9. Proper stowage of slings 

and chain falls . ._... 


10. Safe stowage of acid 


11. Work areas cleared of tools and 

debris before leaving job ... ._ . 


12. Light globes clean and bulbs working 


13. Open floor plates roped off 


14. Bucket or canvas strip so tools and 

parts will not fall through gratings . ....... 

— 



C. Other 
Notes; 

Illustration 34-6 
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Vessel------...Inspected of. 

Dot*_By- 


INSPECTION CHECK UST 

for 

GOOD HOUSEKEEPING, ACCIDENT AND FIRE PREVENTION 


STEWARD'S DEPARTMENT 


A. Go//ey 

1. Stowage for sharp knives separate 

from other utensils.--- 

2. Container for cans and broken glassware-.-.. 

3. Nails bent or pulled from open crates.... 

4. Ventilators over range clean of grease.- 

5. Equipment clean and sanitary- 

6 . Ice box clean and sanitary......-...— 

B. Store Rooms 

1. Sufficient shelf space—stores 

secure but easily found and removed- 

C. Crew's Quarters 

1. Containers for razor blades... 

2. Waste basket for cans, 

bottles and paper--- 

3. Sufficient ash trays—<ans with 

rolled (not sharp) edges- 

4. No loose gear on top of lockers.- 

5. No cleaning or lighter fluid except 

in labeled cans or bottles..... 

6 . Decks clean and 

clothes neatly stored-—— - 

D. General 

1. Spills and debris cleaned 

up at once- 

2. Showers and toilets clean, no exposed electrical wiring. 

3. Light globes clean and bulbs working..-- 

4. Deck areas roped off while mopping- 

E. Other 


Remarks 


Grade 




Notes: 
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ORDER OF BUSINESS FOR VESSEL’S ACCIDENT PREVENTION COMMITTEE 


1. The regular meeting of the Vessel's Accident Prevention Committee of the.... 

was called to order by-----of....o'clock on 


2. Those in attendance were:.. 


3. The minutes of the previous meeting were read, discussed (corrected where necessary) and approved. 

4. Old Business:.___............... 


5. New Business:.. 


6. Discussion of Vessel's inspection: (list items and include fire prevention, good housekeeping, etc.)..., 


7. Discussion of accidents or injuries (give details) with suggestions to prevent recurrence:.. 


8. Discussion of safety suggestions:.. 



11. Meeting adjourned at...o'clock. 


Signed... 
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SECTION 35 - TEMPORARY 
ELECTRICAL INSTALLATIONS 

35-1 GENERAL 

Contrary to popular belief, it takes very little electric current to 
kill. With good contact for more than an instant, 110 volts is 
sufficient to kill, and there have been many cases where voltage as 
low as 60 or 70 volts have been fatal. 

Only qualified electricians should be allowed to perform any type 
of electrical work. Men who “know a little about electricity” almost 
always do more harm than good. They are not equipped with the 
proper tools, the lines are usually hot, and they frequently get into 
trouble. 

Foremen should see that electricians are provided with adequate 
tools, rubber gloves and rubber blankets. 

All wiring should be supported on approved type insulators and 
not looped over nails or brackets. No bare wires or other current- 
carrying parts of equipment or installations should be permitted 
within 8 feet of the ground or other place where workmen can or 
may be, unless they are completely enclosed by a fence or other 
barrier. 

Wires should be strung so that they do not cross other power 
lines, telephone wires or radio antennae. 

No electrical work should be done hot which can be done cold. 

For safety, all wires should be handled at all times as though 
they are alive. 

35-2 ARMORED CABLE 

Armored cable and heavy-duty cords must be handled carefully 
to avoid breaking the insulation and thus rendering them unsafe. 
They should not be run over by trucks or other equipment, nor 
abused in any other way. 

When carrying high voltages, as when used for electric shovels 
or draglines, they should be handled with safety hooks or with elec¬ 
tricians’ rubber gloves. 

Only cords of heavy-duty type should be laid on the ground. 
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35-3 HIGH-VOLTAGE LINES 


High-voltage power lines (440 volts or higher) should have a 
vertical clearance of not less than 25 feet where they cross high¬ 
ways, service roads, or areas traveled by trucks, cranes, shovels, 
or other equipment. 

Road clearance should conform to requirements of State high¬ 
way departments. The minimum clearance in such areas should be 
conspicuously posted. 


35-4 UNDERGROUND WORK 

A special problem exists where electric lights and installations 
are used in tunnels, excavations, and other places which may be 
constantly or occasionally wet. Switches should be placed on high 
ground, or dry platforms should be provided on which workmen 
can stand when operating the switches. 

Extra precautions should be taken to see that no bare wires are 
used. 

Light sockets should be non-metallic. 

Switches should be grounded, and every precaution taken to pre¬ 
vent contact with even the lowest voltages. All wiring should be 
supported on porcelain or glass insulators. 


35-5 SWITCHES 

All switches should be of the enclosed, safety type and should be 
so installed and grounded as to minimize the danger of accidental 
operation. 

Wherever possible they should be so installed that gravity can¬ 
not close them; otherwise they should be of type equipped with a 
suitable latch to prevent accidental closing. 

Switches, fuses, circuit breakers and other control devices should 
not be installed in locations where explosives are stored or where 
inflammable gas or liquids exist, except when absolutely necessary. 
Where so installed, they should be of a type designed for use in 
such locations. 
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35-6 TEMPORARY MOTOR INSTALLATIONS 


The current-carrying parts of motors should be guarded and 
protected to prevent persons from coming in contact with them. 

Switches and cut-outs should comply with the requirements for 
permanent installations. 

Motors and wiring should be provided with the required over¬ 
load and low-voltage protection. 

35-7 ILLUMINATIONS FOR TEMPORARY INSTALLATIONS 

Temporary lighting systems which are installed to provide illumi¬ 
nation during construction work should furnish sufficient illumina¬ 
tion for safe working conditions. 

Special attention should be given to illumination at stairways, 
ladders, floor openings, basements and other hazardous locations. 

35-8 OVERLOAD 

Each size of conductor has a safe current-carrying capacity, and 
if a current above this limit is carried the conductor will become ex¬ 
cessively heated. Fuses and other automatic cut-outs are protection 
against overloads, but in every case they should be of such a size 
that they will blow at a point lower than the carrying capacity of 
the conductor. 

When additional loads are placed on a circuit, only qualified 
electricians should be allowed to install them, and then only after 
checking the circuit to make sure it will carry the additional load. 


35-9 IDENTIFICATION OF EQUIPMENT 

Suitable means should be provided for identifying all electrical 
equipment and circuits, especially if two or more voltages are used 
on the same job. All circuits should be marked to indicate the type 
of service they provide, such as: “110 volts for lighting”; “200 
volts for power.” Unintentional connections to high voltages will 
thus be prevented. 
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35-10 PROTECTION OF PERSONNEL 

t rotection against accidental sliock from live electrical parts 
such as switchboards, fuse cut-out panels and motor control equip¬ 
ment should be provided by suitable insulation of the floor area, the 
guarding of live parts, and the grounding of non-conducting parts. 

35-11 INSPECTION AND REPAIRS 

All electrical equipment should be periodically inspected. Such 
inspections should be made by electricians at reasonable intervals, 
according to the equipment used and the severity of conditions to 
which it is subjected. 

To maintain electrical equipment in proper condition, all neces¬ 
sary repairs should be made by qualified electricians. 

35-12 PORTABLE LIGHTS 

Portable lamp holders consisting of a wooden or rubber insulated 
handle and lamp cage with all wiring connections and socket parts 
enclosed should be used for extension lights. Rubber covered cord 
should be used for extension lights for boilers, tanks, and other 
places where they will be subject to hard usage. 

Ordinary twisted lamp cord should not be used for any purpose 
that will involve exposure to mechanical wear or to moisture. 

References 

Guide to Basic Safety Considerations in the Operation and 
Maintenance of Electric System:-, REA Bulletin 168-6, Rural 
Electrification Administration. 
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SECTION 36 — FIRE HAZARDS 
AND PREVENTION 


36-1 GENERAL 

Insurance companies rate the risk of fire during building con¬ 
struction quite high. This is due to lack of fire fighting facilities, 
combustible materials on the jobsite, poor control of heat sources, 
lack of adequate inspection, and, very often, poor housekeeping. 

36-2 HOUSEKEEPING 

One source of fire hazard within the control of the contractor is 
poor housekeeping. Regular cleanup of scrap material, sawdust, 
rags, oil and grease, and other residue of construction operations 
will not only remove or reduce the fire hazard, but will promote 
general safety at the same time. 

Section 1 of this Manual deals with general housekeeping sug¬ 
gestions. This is perhaps the most neglected, and at the same 
time the most important single means of accident prevention. 

36-3 INSPECTION 

Adequate inspection is also practical, and, in most cases, vitally 
needed. The “Inspection Checklist’' Section of this Manual in¬ 
cludes many helpful suggestions pertaining to common fire hazards. 
Depending on the size of the job and the particular fire hazards 
involved, a watchman may be advisable at all times when construc¬ 
tion personnel are not on the job. The following sources of fire 
danger should be checked regularly: 

a. Heating devices, including permanent building heating sys¬ 
tem, if this is utilized for interior heating. 

b. Electrical wiring and equipment. 

c. Stores of flammable liquids and materials. 

d. The vicinity of welding operations, especially below over¬ 
head welding. If particular fire hazards exist in such loca¬ 
tions, they should be either continually watched during and 
immediately after welding, or should be screened with heavy 
canvas or other spark resistant material. 
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e. Beneath and in the vicinity of hot roofing. 

f. All areas exposed to sparks and heat if refuse burning takes 
place. 

g. Compressors, engine-generators, and other internal combus¬ 
tion engines, and their fuel supplies. 

36-4 HEATING DEVICES 

Stoves used for interior heating should have fire resisting mate¬ 
rials underneath, such as a sand-filled box, and at sides when near 
framework, wooden walls, canvas, etc. Pipe sleeves and asbestos 
coverings should be used when stove pipe runs through wall or roof. 

Interiors heated by stoves should be ventilated to permit ade¬ 
quate fresh air to enter at all times. 

Oil or gas fuel should be stored at some distance from stoves, 
preferably outside of the space being heated. 

Fires should not be started with oil or gasoline. 

Care should be used in the handling and placing of salamanders 
and other portable heating devices. Protection at the sides and 
underneath should be provided where necessary. If tarpaulins are 
placed nearby, they should be of flame-resistant types. 

Heating devices used in connection with concrete curing, in 
newly-plastered rooms, and in other locations where they may be 
unattended for some time should be frequently checked. 

36-5 COMBUSTIBLE MATERIALS 

Good housekeeping will remove part of the combustible materials 
danger. Lumber, fuels, clothing, and other combustibles which 
must be stored at the jobsite must be taken into account, and proper 
protection provided. 

Areas where combustibles are stored should not contain a heat¬ 
ing source, or, if heating is necessary, should be planned to avoid 
overheating of these materials and adequate ventilation. 

“NO SMOKING” warnings should be conspicuously posted in 
these areas, and this rule should be enforced at all times. If lunches 


36-2 


June, 1958 





are eaten on the worksite, a specific area should be designated for 
this purpose, as papers and other debris are liable to be thrown under 
stacked materials, and the “NO SMOKING” rule may be difficult 
to enforce where men have congregated to eat and talk. 

Metal refuse cans with self-closing lids should be provided in 
several convenient locations, and especially where oilv waste is 
produced, as in the oil house. 

Clothing that has oil or paint stains should not be placed in 
confined spaces; hang it in the open air. Oily rags and waste should 
not be allowed to accumulate or stored in closed spaces, but should 
be disposed of by burning when not needed. 

Lime should not be stored where it will become moist, as there 
is fire danger from damp, slaked lime. 

36-6 FIRE PROTECTION 

During construction free access from street and to fire hydrants 
should be maintained at all times. 

Location of nearest fire alarm box should be conspicuously posted, 
and the telephone number of the fire department should be posted 
near all telephones on the jobsite. 

The supervisory crew and, if necessary, part of the work force 
should be instructed in fire duties. 


36-7 FIRE EXTINGUISHERS 


Fire extinguishers should be placed in convenient locations 
throughout the building or construction site. Their locations should 
be identified clearly, and should be lighted at night. 

It is iisgortant to provide the proper type of extinguisher for the 
job. or Carbon Dioxide extinguishers should be placed near 

live/^ecfncal installations, while water, foamite, or soda-acid ex¬ 
tinguisher would be of no use in combatting an electrical fire, 
cefer to Table 36-1. 


Extinguishers should be recharged and inspected regularly, and a 
tag indicating date of recharging should be affixed. During cold 
Weather they should be protected from freezing by enclosing, or by 
atifreeze additives. 
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Workmen should be instructed in the operation of extinguishers, 
and in the selection of the proper type of extinguisher. 


References 

Local Fire Regulations. 

Standards for the Installation, Maintenance, and Use of First 
Aid Fire Appliances as Recommended by the National Fire Protec¬ 
tion Association, National Board of Fire Underwriters New York 
City. 

Recommended Good Practice Requirements for Building Con¬ 
struction Operations, National Fire Protection Association, Boston. 

TABLE 36-1 

EFFECTIVENESS OF FIRE EXTINGUISHERS 


Type of Extinguisher 


fire CLASS 

Chemical 
Solution 1 

Water-Anti 
Freeze 

Wetting 

1 Agent 

Foam 

Loaded 

Stream 

Vaporizing 

Liquid 

Carbon 

Dioxide 

Dry 

Chemical 

“A”—Wood, textiles, 
rubbish 

YES 

YES 

YES 

i 

YES ( 

YES 

NO 

NO 

NO 

“B”—Greases, motor j 

vehicles, flammable | 
liquids 

1 NO i' 

i 

NO | 

NO |' 

1 1 

1 1 

YES ! YES*! 

YES 

YES I 

YE St 

“C”—Live electrical 1 

equipment 

l 

NO ! 

NO | 

i 

NO { 

i i 

NO | NO | 

YES 

i 

YES | 

YES 


* If small quantity of liquid, 
t If small fire. 
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SECTION 37 - PERSONAL PROTECTION 

37-1 GENERAL 

Protective clothing and equipment now play an important part 
in any good safety program. Much research has gone into the 
development of clothing that provides not only protection, but 
reasonable comfort as well. 

Employees operating machines, climbing ladders or doing heavy 
manual labor should wear clothes that are reasonably snug, par¬ 
ticularly about the neck, wrists and ankles. There should be no 
loose flaps or strings, and pockets should be kept buttoned. 

Machine operators should not wear neckties, due to the danger 
of their being caught in power driven equipment; nor should they 
wear aprons or long, flowing coats or “dusters.” 

Foremen and superintendents should be held responsible for see¬ 
ing that the men under them wear proper protective clothing, and 
that it is kept in good repair. 


Engineering News-Record 

Illustration 37-1 

Hard hats have saved many lives and prevented numerous serious injuries. 
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Safe clothing is comparatively inexpensive, and to encourage 
employees to wear them many contractors now furnish them at cost. 

37-2 HATS 

It is recommended that all construction workers wear hard hats 

at all times while on the job. 
Those men not normally ex¬ 
posed to falling objects or ma¬ 
terials are exposed to them oc¬ 
casionally, and should be in the 
habit of wearing their hard 
hats. 

Metal hats are equal to com¬ 
position hats in resistance to 
impact. These hats are also 
quite light and comfortable. 
However, they should not be 
worn where there is any danger 
of their coming in contact with 
electricity. 


37-3 GLOVES 

Some type of glove should 
be worn by almost all construc¬ 
tion workers, the exception be¬ 
ing those who operate or work 
around drill or punch presses, 
lathes, and other revolving ma¬ 
chinery. 

Canvas gloves are satisfac¬ 
tory for light handling jobs. 
Leather offers greater resist¬ 
ance to abrasion, sparks or 
molten metal. Asbestos gloves 
should be used for protection 
against excessive heat, such 



Bureau of Reclamation 


Illustration 37 -3 

Check all tie lines and safety belts 
frequently. 



American Bridge Co. 


Illustration 37-2 

Safety belt and tie line used by steel 
erectors. 
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as welding. Rubber gloves should be worn by electricians handling 
live wires. 

Neoprene and plastic-coated canvas gloves are also used exten- 
tively for light material handling jobs since they offer very good 
resistance to abrasion, thus in¬ 
creasing the life of the canvas 
glove and also providing resist¬ 
ance to water and chemicals. 

Metal mesh or steel rein¬ 
forced gloves should not be 
worn where there is danger of 
the wearer coming in contact 
with electric current. 

Long, loose gauntlets should 
be avoided. 

Illustration 37-4 

„ a cuacc Complete protection provided for 

anUM metallic spraying, including air supply. 

Safety shoes are recom¬ 
mended for use by all construction workers. Such shoes usually 
have reinforced toes of steel, except those made for use by elec¬ 
tricians, which have reinforced toes of heavy fiber. 

In addition to safety shoes, canvas or leather leggings should be 
worn by welders. 

Shoes should be kept in good repair. Slipping accidents are 
more likely to occur when shoe heels are run over and worn, and 
nails or other sharp objects will easily penetrate a thin, worn sole. 
Workers should not be allowed to wear shoes that have been slit 
or have had holes cut in them for corns or bunions. 


37-5 GOGGLES, HELMETS AND RESPIRATORS 

Goggles, helmets, respirators and face shields suitable to the 
work being done should be provided for employees, and it should 
be the duty of the foremen and superintendents to see that they are 
worn. To be most effective, such equipment should be individually 
fitted and assigned, rather than issued daily from the stockroom. 
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Goggles and respirators should be sterilized before being trans¬ 
ferred from one person to another. 


37-6 WATERPROOF CLOTHING 

Neoprene weather clothing should be worn if work must go on 
during heavy precipitation, and is also needed if heavy water 
showers are encountered in tunneling. 


37-4 
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SECTION 38 - CONSTRUCTION CAMPS 


38-1 GENERAL 

In addition to the following recommendations, camps should be 
built and maintained to conform to the sanitary laws and regulations 
of the State in which they are located. 

Camps which are to be occupied for more than six months should 
have their own water supply and electric-light systems. 


38-2 LOCATION AND LAYOUT 

Camps should be located on well-drained ground, as far away 
from swamps and wet areas as possible. If necessary, ditches 
should be dug to provide good drainage. 

Dining quarters, sleeping quarters and toilets should not be 
crowded together. The toilets should be placed at least 75 feet from 
the sleeping quarters and 200 feet from the kitchen and mess hall. 
The kitchen and mess hall should be at least 100 feet from the 
sleeping quarters. 

If animals are kept—horses, mules, pigs, chickens, etc.,—their 
pens or stalls should be at least 600 feet from any of the above 
buildings. 

The hospital house should be 200 feet from the kitchen and mess 
hall, and 75 feet from the sleeping quarters. 

38-3 WATER SUPPLY 

Clean, clear water is not always safe for drinking or cooking. 
The purity should be determined by chemical analysis. 

The use of individual drinking cups should be encouraged among 
the employees. Drinking fountains should be installed wherever 
possible. 

Privy vaults and cesspools should be at least 200 feet from the 
water supply, and located so that pollution is impossible. 
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38-4 FOOD 


Quarters where food is stored, prepared or served should be of 
fly-proof construction, well lighted and ventilated, and should be 
kept clean and sanitary at all times. 

An ample supply of hot and cold water should be available at 
all times. 

Dining rooms, kitchens or other places where food is stored, 
prepared or served should not be used as sleeping or living rooms. 

Special care should be used in the selection of food handlers. 
Absolute cleanliness, both of person and of clothing on the part of 
the cooks, waiters and their helpers, should be insisted upon. They 
should be given periodic physical examinations. 


38-5 GARBAGE 

Camp garbage should be kept in closed containers at the source 
and collected regularly, at least once a week in cold weather and 
more often in the summer, and disposed of by burning in the case 
of solids, and septic tanks for the liquids. 


38-6 TOILETS 

I oilets or latrines should be provided in the ratio of one seat for 
each 15 persons employed. Toilets should be protected from weather 
and falling objects. 

At locations where sewerage facilities are not available, the 
toilet or closet should be over a flytight box constructed over a pit, 
or pails if pits are impracticable. Seats should be provided with lids. 

Ihe pit should be sprayed each day with crude oil or some ap¬ 
proved disinfectant and the interior of the box should be kept 
coated with oil or disinfectant at all times. If pails or removable 
boxes are used, they should be emptied each day in a pit prepared 
for that purpose at least 1,000 feet from the nearest habitation. 

When filled to within 2 feet of the surface, pits should be 
abandoned and backfilled with earth mixed with crude oil, and the 
location marked. 
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The toilets should be kept clean. Seats should be scrubbed with 
soap and water each day and sterilized with an antiseptic solution 
twice a week. Adequate light and ventilation should be provided, and 
all doors, windows, and ventilation openings should be screened. 

Doors should have spring hinges, coils or some other arrange¬ 
ment to keep them closed. 

38-7 SEWAGE DISPOSAL 

Suitable sewage disposal facilities should be provided to con¬ 
form with prevailing health codes or standards and existing State 
laws. Untreated sewage should never be discharged into bodies of 
water or streams. 

The location of the septic tanks or disposal area should be isolated 
and remote from the water supply. As a guide, 200 feet separation 
from wells, dwellings or highways is recommended. 

38-8 SLEEPING QUARTERS 

Good living quarters are essential to the efficiency of employees. 

Bunkhouses, tents, or other suitable sleeping quarters should be 
provided for all employees. At least 250 cubic feet of air space 
should be provided for each person. 

All sleeping quarters should have wooden floors. Floors in 
tents should be at least 6 inches above the ground; in bunkhouses, 
floors should be at least 18 inches above the ground. 

All doors and windows should be screened. 

Iron beds or bunks should be used. These are most easily 
cleaned and made vermin-proof. 

In camps where men work in damp or wet surroundings, dry 
rooms with facilities for drying wet and damp clothing should be 
provided. 

Bunkhouses, bedding and furniture should be disinfected 
periodically. 
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38-9 CLEANING FACILITIES 

All camps, regardless of size and location, should provide ade¬ 
quate bathing facilities for employees. Showers are preferable, since 
they are more sanitary. 

There should be at least one shower head for each thirty em¬ 
ployees. 

Bathhouses or bathrooms should be well ventilated and lighted. 
1 hey should be near the sleeping quarters, and heated when neces¬ 
sary. 

Drainage from bathrooms should be carried through a covered 
drain to a cesspool or septic tank. 

The use of a common towel and soap should be prohibited. 


38-10 CAMP SANITATION 

Large camps should have one or more men whose sole duty is 
the cleaning and policing of the camp-area. This includes the clean- 
ing and care of sleeping quarters. 

Any signs or indications of communicable diseases such as 
typhoid, smallpox, etc., should be immediately reported to the local 
health authorities. 

In camps of 50 or more employees, a fly-proof and mosquito- 
proof tent or house should be provided for receiving the sick. 

Effective mosquito control should be carried on at all times. 
Where mosquito breeding swamps or pools cannot be drained, they 
should be treated with DDT powder at the rate of 0.05 pounds per 
acre of water surface. Powder can be dusted on as a wettable 
powder, or sprayed on as a xylene emulsion with a back pack type 
of sprayer. One man can spray approximately eighty acres with 
one filling of the sprayer. 


38-11 FIRE PROTECTION 

Sufficient fire extinguishers should be kept in all camp buildings. 
They should be in accessible locations and plainly marked. 
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SECTION 39-ASPHALT PLANTS 

39-1 LAYOUT 

Accident prevention starts with advance planning of asphalt plant 
layout, erection, and operation. 

It is important to provide for separation of traffic at the plant. 
Oneway traffic is preferable. Access roads, parking and servicing 
areas, rail sidings, and other traffic areas should be adequate to 
carry vehicle loads, maintained in good operating condition, and 
should meet the minimum requirements for markings set forth in 
Section 20, Highway Construction, for detour roads. 

Trucks carrying asphalt mix should not be interfered with by 
truck or rail deliveries of materials. 

Provide adequate access and work platforms for working per¬ 
sonnel. 



Illustration 39-1 


Batch type asphalt plant. Adequate work platforms and guard rails, stairs and 
ladders are provided. Drive-through truck loading is preferable to back-in 

arrangement. 
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Adequate traffic control should be provided. This is particularly 
important where contractors vehicles must cross or enter a public 
thoroughfare. 

Plant site should provide room for storage of materials, and 
vehicles, without obstructing operations. 

Plant should be so located that prevailing winds will not cause 
smoke or dust damage to nearby houses and other property. 


39-2 ERECTION 

Site should be carefully selected, inspected, and adequate founda¬ 
tions prepared. 

Air compressors, electrical control centers, heaters, and other 
machinery should be protected from damage by moving equipment 
and from the elements. 

During erection, crane safety recommendations as set forth in 
Section 12 should be observed. 

All electrical systems should be grounded, and all local electrical 
codes which apply should be followed. See also Section 35, Tem¬ 
porary Electrical Installations. 

Piping installation should allow for expansion and contraction 
due to temperature changes. 

Hot oil and asphalt piping should be insulated to protect person¬ 
nel and to prevent heat loss. 


39-3 OPERATION 

Only qualified personnel should be permitted to operate asphalt 
plants. 

Tanks and bins should not be loaded beyond capacity. 

If natural gas is used to fire the dryer, check with supplier for 
safety and other recommendations. 

All gears and belts should be guarded. 

All handrails and decks should be in place, and free of grease, 
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oil, and other matter. Gates should be provided at the top of 
vertical ladders. 

Adjustments, repairs, and lubrication should be performed with 
plant shut down. 

Adequate fire protection equipment should be available. 

39-4 DISASSEMBLY 

Plant should be carefully dismantled, using pertinent crane 
safety precautions. 

Sequence of operations should be planned in advance to avoid 
damage to plant components and injury to personnel. 

Transportation equipment should be adequate to carry plant com¬ 
ponents. Check local vehicle weight and dimension regulations. 


39-5 STORAGE 

When plant is in storage, electrical equipment and machinery 
should be protected from weather exposure and damage. 

Asphalt and fuel storage tanks should be covered to exclude 
water and foreign material. 

Storage time presents an excellent opportunity for careful in¬ 
spection and maintenance, including painting, greasing, and clean¬ 
ing of all components. 
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OCCUPATIONAL DISEASES 


With respect to this subject, endeavor is made to describe the 
diseases in question and to suggest means of reducing the hazards 
connected with such diseases. 

Occupational diseases do not ordinarily develop from occasional 
exposure, but are usually the result of long and continuous exposure 
to the hazard. It is therefore recommended that workers engaged in 
occupations where disease hazards exist be examined by a com¬ 
petent physician more frequently than those employees not exposed 
to such hazards. 

In many states certain occupational diseases are compensable 
under State Compensation Laws. Increased attention is being given 
to the study and determination of the various types and classes of 
occupational diseases by technical and research bureaus as well as 
Federal and State Agencies. 

Therefore, the occupational disease has taken its place under 
the classification of “accidents,” and hazards producing occupational 
diseases should properly be regarded as seriously as other job 
hazards, and every effort should be made to control them. 


In the construction industry certain types of occupational diseases 
occur, the prevention of which becomes the problem of the employer, 
the employee, and the medical and engineering professions. 


Principal occupational diseases occurring in the construction 
industry: 


Exposure 

Silica 


Type of Work 

Tunneling, sandblasting, grinding, 
sand and gravel pit operations. 


Compressed Air 
Carbon Monoxide 

Metals 

Dermatitis 

Tar, Pitch and Asphalt 
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Tunnel and caisson. 

Garages, tunneling, heating; any 
combustion apparatus. 

Painting, plumbing, glazing; han¬ 
dling lead, cadmium, zinc, copper. 
Handling cement, lime, acids, paints, 
solvents, halowax (on electric 
cables). 

Handling hot asphalt, pitch or tar. 
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Silicosis 

Silicosis is a disease of the lungs in which the normal lung 
tissue is replaced by fibrous or scar tissue due to breathing air con¬ 
taining silica dust. 

In general, dust concentrations of less than 5 million particles 
per cubic foot or air are considered safe even in cases where the dust 
contains a high percentage of free silica. Silica dust may be pro¬ 
duced by the following construction operations: 

Tunneling, Pit and Quarrying Operations 

1. Drilling 

2. Blasting 

3. Mucking 

4. Shoveling and screening dry sand and gravel 

5. Rock Crushing 
Miscellaneous Operations 

1. Sandblasting 

2. Grinding 

3. Cleaning 

Recommended Preventive Measures 

Drilling: 

a. Drills should be kept sharp. A dull drill' tends to pulverize 
the rock and create more dust. 

b. Use wet drilling wherever practicable. 

c. In dry drilling, a dust collection system should be installed 
that will trap the dust around the drill shank at the surface 
of the rock. 

d. Furnish approved type of respirators and require drill oper¬ 
ators to wear them when exposed to silica dust. 

Blasting: 

a. Use slightly moist sand and clay stemming mixture for 
tamping. 
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b. Blasting should be done outside of working shifts when¬ 
ever possible, and the air of working areas cleared of dust 
before men return to work. 

c. Before shooting, tunnel walls and floors or ground sur¬ 
faces in the immediate area of the blast should be wet 
down in order to reduce the amount of dust produced by 
the blast. 

Mucking, Loading Cars or Trucks from Chutes, Rock Crushing: 

Wherever practical and possible, material to be handled should 
be moistened and kept moist during operations in order to 
minimize dust production. 

Sandblasting and Grinding: 

Sandblasters working within an enclosure should wear an ap¬ 
proved type of respirator. 

In grinding operations, wheels should be equipped with an 
exhaust hood where practical. Otherwise, operators should 
wear an approved type of respirator. 

Cleaning: 

In cleaning the interior of shops, sheds or other structures, 
dust should not be blown into the air. A vacuum cleaner 
should be used. In sweeping, floors should be moistened 
or a sweeping compound used. 

Ventilating Systems: 

In tunneling operations, care should be taken to provide a 
continuous supply of clean and fresh air for the men. 


Compressed Air Illness 

(Caisson Disease or the “Bends”) 

See Section 28—Compressed Air Work. 

Carbon Monoxide Asphyxiation 

Carbon Monoxide gas is found frequently in the construction 
industry. Workers in this industry most likely to be exposed to 
the hazards of this gas are: 
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Blasters 

Garage Mechanics 

Workers in tunnels and caissons 

Sewer workers 

Workers in buildings under construction heated by open fires. 

Some common sources of carbon monoxide are: 

Automobile exhaust gas 

Fires 

Blasting operations 

Carbon monoxide poisoning may result from breathing air con¬ 
taining more than 0.01 per cent of this gas. The severity of the 
poisoning depends upon the amount of carbon monoxide in the air, 
length of time exposed and degree of exertion. 

The danger is all the greater because the gas is odorless, colorless, 
tasteless and non-irritating. It gives no warning sign of its presence, 
and a victim may suddenly collapse without previous symptoms. In 
the milder acute cases there are usually definite warnings. 


Preventive Measures 

All working areas should be kept well supplied with fresh air. 

Wherever possible, exhaust ventilation should be provided to re¬ 
move carbon monoxide at the point of origin. 

Provide gas masks or oxygen-breathing apparatus for emergency 
use and where positive exhaust methods are impracticable. 

Maintain a first-aid department and instruct employees as to 
methods of artificial respiration. 

Make periodic tests for the presence of carbon monoxide with 
an approved testing device. 

Do not permit persons with anemia or any chronic disease to 
work in gas exposure. 

Do not permit a person who has been ill due to acute poisoning 
to return to work without a doctor’s permission. 
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Lead Poisoning 

In construction operations the hazards of lead poisoning may 
be found in plumbing and soldering, painting, glazing, sheet lead 
burning and sandpapering of paint. The poison is taken into the 
system by inhalation of lead fumes or dust, by swallowing tiny 
particles of lead or by the lead being absorbed through the skin from 
.ead paint on the hands. 


Some Preventive Measures 

Wherever possible use lead product materials in a moist condi¬ 
tion in order to prevent breathing in the dust. 

Care should be taken to avoid breathing in lead fumes or dust 
formed on top of molten lead due to oxidation. 

Employees exposed to contact with lead products should be pro¬ 
vided with suitable outer clothing which should be washed at least 
once each week. 

After being exposed to contact with lead products, a person 
should wash the hands and face thoroughly and brush his teeth. 

Do not store food in a room containing lead products. 

Do not eat on the job. Go away a distance, wash the hands with 
soap and water and clean the fingernails before eating. 

Do not carry tobacco or consume it on the job. 

Do not drink alcoholic beverages if you are exposed to lead 
fumes. 

Practice personal cleanliness. 

Any person affected by lead poisoning should be removed from 
further exposure to it. 

Persons suspected of having contracted lead poisoning should 
consult a physician immediately. 

Spray Painting 

Painters are the ones principally affected by spray painting, ai- 
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though others in the vicinity of sprayers in operation or those 
entering rooms that have not been adequately ventilated after paint¬ 
ing are also exposed to the same health hazards. 

The preventive measures that should be applied for paint or 
lacquer are the same as those for lead. Respirators used should be 
of a type approved by the U. S. Bureau of Mines for such work. 

Cutting Oils and Emulsions 

Machinists and other employees exposed to cutting oils and 
emulsions very often suffer from skin disease affecting hairy por¬ 
tions of the arms and hands. Ultimately numerous pimples and 
boils appear. This is caused by oil and dirt clogging the pores of 
the skin, causing irritation and inflammation. 

Preventive Measures 

1. Protective clothing should be worn. 

2. A mineral oil content free from irritants should be used in 
the cutting medium. 

3. The cutting fluid should be kept clean by filtration and 
sterilization. 

4. Workers should be encouraged to frequently scrub their 
hands and forearms with soap, brush and hot water. Such 
washings should be thorough and should be done at least 
twice daily. 

If the skin tends to become chapped and dry, lanolin ointment 
or vegetable fat should be rubbed on the skin after washing. The 
use of vaseline or cosmoline, which are mineral ointments, should be 
discouraged. 

Lime and Cement 

Lime and cement when wetted affect principally the skin. Some 
persons are more susceptible to the action of these materials than 
are others. 

The effect of lime or cement “burns” is the drying and subse¬ 
quent cracking of the skin which paves the way for further ail- 
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ments such as infection. Quicklime actually burns when wetted, 
due to the high heat of hydration. 

Tools and equipment should be provided that will minimize the 
workers’ contact with these materials and their use required to the 
fullest extent. 

Ample washing facilities should be provided at a convenient loca¬ 
tion to the work. 

Insofar as is possible, keep the exposed parts of the body away 
from direct contact with lime and cement. 

When working with this material, wash the hands whenever 
possible and thoroughly dry them before handling it again. When 
the work is finished, wash hands thoroughly with good soap and 
warm water. Dry and rub in lanolin ointment. 

On cement work, surface finishers should be provided with knee 
pads impervious to moisture. 

Extreme “burns” from lime or cement require the attention of 
a physician. 

Tar, Pitch and Asphalt 

Hot fumes arising from tar or asphalt are harmful to breathe and 
are injurious to the eyes. The intensity of the effect is dependent 
upon the period of exposure and the concentration of the fumes. 

Typical symptoms of tar poisoning may be loss of appetite, 
nausea, diarrhea, headache, numbness, vertigo, bronchitis, con¬ 
junctivitis. 

Melting should be done out of doors in order that there may be 
ample atmospheric dilution of the fumes. Workers should stay on 
windward side of kettle. 

When applying material inside, keep doors and windows open, 
and, if necessary, use a circulating fan to force fresh air into the 
room during application of hot tar. 

If kettles are used inside, they should be hooded and the fumes 
carried away by draft. 

Contact with tar and asphalt may lead to serious ailments of 
the skin and flesh. 
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Gloves should be worn. Goggles should be used to prevent eve 
burns from bubbling or splashing hot tar. 

Sufficiently heavy clothing should be worn to prevent penetration 
of hot tar to the skin. 

In cases of eye burns, a physician should immediately be con¬ 
sulted. 

Keep plenty of dry sand near the kettles to smother fires. 
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INSPECTION CHECK LIST 


An inspection checklist should be developed by the safety inspec¬ 
tor or safety engineer, with the help of executives, superintendants 
and foremen, tailored to the requirements of the individual opera¬ 
tions of the firm. General checklists which apply to most of the 
problems which are likely to be encountered will be easily developed. 
In addition, special checklists for each individual job will be neces¬ 
sary, as pecular problems are bound to occur. These will include, 
but will not be limited to, soil conditions, access roads, storage areas, 
power and utility lines, special equipment, heating, camp housing, 
and other features. 

The followng list is offered only as a guide, and is not intended 
to be comprehensive, nor should it be followed in form if job re¬ 
quirements would be better served otherwise. 

General Checklist 

1. Housekeeping and Sanitation: 

a. General neatness of working areas. 

b. Regular disposal of waste and trash. 

c. Passageways and walkways clear. 

d. Adequate lighting. 

e. Projecting nails removed. 

f. Oil and grease removed. 

g. Waste containers provided and used. 

h. Sanitary facilities adequate and clean. 

i. Drinking water tested and approved. 

j. Adequate supply of water. 

k. Salt tablets. 

l. Drinking cups or sterilized bubblers. 

2. First Aid: 

a. First aid station. 

b. First aid supplies. 

c. First aid instruction on the job. 

d. Telephone numbers and locations of nearby physicians. 

e. Telephone number and location of nearest hospital. 

f. Injuries reported promptly to proper persons. 
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3. Demolition: 

a. Operations planned ahead. 

b. Shoring of adjacent structures. 

c. Material chutes. 

d. Sidewalk and other public protection. 

e. Clear operating space for trucks and other vehicles. 

f. Adequate access ladders or stairs. 

g. Regular supervision. 

4. Welding and Cutting: 

a. Qualified operators. 

b. Screens and shields. 

c. Goggles, gloves, clothing. 

d. Equipment in operating condition. 

e. Electrical equipment grounded. 

f. Power cables protected and in good repair. 

g. Fire extinguishers of proper type nearby. 

h. Inspection for fire hazards. 

i. Flammable materials protected. 

j. Gas cylinders chained upright. 

k. Gas lines protected and in good condition. 

5. Flammable Gases and Liquids: 

a. All containers clearly identified. 

b. Proper storage practices observed. 

c. Proper storage temperatures and protection. 

d. Fire hazards checked. 

e. Proper types and number of extinguishers nearby. 

f. Carts for moving cylinders. 

6. Handling and Storage of Materials: 

a. Neat storage area, clear passageways. 

b. Materials neatly stacked. 

c. Stacks on firm footings, not too high. 

d. Proper number of men for each operation. 

e. Men picking up loads correctly. 

f. Materials protected from heat and moisture. 

g. Protection against falling into hoppers and bins. 

h. Dust protection observed. 
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i. Extinguishers and other fire protection. 

j. Traffic routing and control. 

7. Excavation and Shoring: 

a. Shoring of adjacent structures. 

b. Shoring and sheathing as needed for soil and depth. 

c. Public roads and sidewalks supported and protected. 

d. Materials not too close to edge of excavations. 

e. Lighting at night. 

f. Water controlled. 

g. Equipment at safe distance from edge. 

h. Ladders or stairs provided where needed. 

i. Equipment ramps adequate, slope not too great. 

j. Frequent inspection. 

8. Barricades: 

a. Floor openings planked over or barricaded. 

b. Roadways and sidewalks effectively protected. 

c. Adequate lighting provided. 

d. Traffic controlled. 

9. Explosives: 

a. Qualified operators. 

b. Proper transport vehicles. 

c. Local laws and regulations observed. 

d. Storage magazines constructed per regulations or as recom¬ 
mended. 

e. Experienced personnel handling explosives at all times. 

f. Cases opened with wooden tools only. 

g. NO SMOKING posted and observed where appropriate. 

h. Detonaters tested before each shot. 

i. All personnel familiar with signals, and signal properly 
used at all times. 

j. Inspection after each shot. 

k. Proper protection and accounting for all explosives at 
all times. 

l. Proper disposition of wrappings, waste, and scrap. 

m. Advise residents nearby of blasting cap danger. 

n. Check radio frequency hazards. 
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10. Pile Driving: 

a. Proper storage procedures. 

- b. Unloading only by properly instructed workmen. 

c. Steam lines, slings, etc. in operating condition. 

d. Pile driving rigs properly supported. 

e. Ladders on frames. 

f. Care observed by top man. 

g. Cofferdams maintained and inspected. 

h. Adequate pumping available. 

i. Proper bracing and ties in current. 

11. Concrete Construction: 

a. Forms properly installed and braced. 

b. Adequate shoring, plumbed and cross braced. 

c. Shoring remains in place until strength is attained. 

d. Proper curing period and procedures. 

e. Check heating devices. 

f. Mixing and transport equipment supported and traffic 
planned and routed. 

g. Adequate runways. 

h. Protection from cement dust. 

i. Hardhats, safety shoes, shirts covering skin. 

j. Nails and stripped form material removed from area. 

12. Hoists, Cranes, and Derricks: 

a. Inspect cables and sheaves. 

b. Check slings and chains, and hooks and eyes. 

c. Equipment firmly supported. 

d. Outriggers used if needed. 

e. POWER LINES INACTIVATED, REMOVED OR 
AT SAFE DISTANCE. 

f. Proper loading for capacity at lifting radius. 

g. All equipment properly lubricated and maintained. 

h. Signalmen where needed. 

i. Signals understood and observed. 

13. Steel Erection: 

a. Safety nets. 

b. Hardhats, safety shoes, gloves. 
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c. Taglines for tools. 

d. Fire hazards at rivet forge and welding operations. 

e. Floor opening covered and barricaded. 

f. Ladders, stairs, or other access provided. 

g. Hoisting apparatus checked. 

14. Masonry: 

a. Proper scaffolding. 

b. Masonry saws properly equipped, dust protection provided. 

c. Safe hoisting equipment. 

15. Scaffolding: 

a. Erection under proper supervision. 

b. All structural members adequate for use. 

c. All connections adequate. 

d. Safe tie-in to structure. 

e. Ladders and working areas free of debris, snow, ice, grease. 

f. Proper footings provided. 

g. Passersby protected from falling objects. 

h. Supports plumb, adequate crossbracing provided. 

i. Guard rails and toeboards in place. 

j. Scaffold machines in working order. 

k. Ropes and cables in good condition. 

l. Frequent inspection. 

16. Ladders: 

a. Stock ladders inspected and in good condition. 

b. Stock ladders not spliced. 

c. Properly secured, top and bottom. 

d. Siderails on fixed ladders extend above top landing. 

e. Builtup ladders constructed of sound materials. 

f. Rungs not over 12 inches on center. 

g. Stepladders fully open when in use. 

h. Metal ladders not used around electrical hazards. 

i. Proper maintenance and storage. 

17. Power Tools 

a. Good housekeeping where tools are used. 

b. Tools and cords in good condition. 

c. Proper grounding. 
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d. Proper instruction in use. 

e. All mechanical safeguards in use. 

f. Tools neatly stored when not in use. 

g. Right tool lieing used for the job at hand. 

h. Wiring properly installed. 

i. Enough men used to handle material. 

18. Powder Actuated Tools: 

a. Local laws and ordnances complied with. 

b. All operators qualified. 

c. I ools and charges protected from unauthorized use. 

d. Competent instruction and supervision. 

e. Tools checked and in good working order. 

f. Tools not used on any but recommended materials. 

g. Safety goggles or face shields. 

h. Flying hazard checked by backing up, removal of personnel, 
or use of captive stud tool. 

19. Hand Tools: 

a. Proper tool being used for each job. 

b. Neat storage, safe carrying. 

c. Inspection and maintenance. 

b. Damaged tools repaired or replaced promptly. 

20. Highway Construction: 

a. Local and State Laws and ordnances observed. 

b. Competent flagmen properly dressed, instructed, posted. 

c. Adequate warning signs and markers. 

d. Equipment not blocking right of way. 

e. 1 raffle control through construction site. 

f. Adequate marking and maintenance of detours. 

g. Dust control. 

h. Adequate lighting. 

21. Heavy Equipment: 

a. Regular inspection and maintenance. 

b. Lubrication and repair of moving parts. 

c. Lights, brakes, warning signals operative. 

d. Wheels chocked when necessary. 

e. Haul roads well maintained and laid out properly. 

f. Protection when equipment is not in use. 
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22. Conveyers and Cableways: 

a. Proper inspection and maintenance. 

b. Good housekeeping. 

c. Screens and other protection where needed. 

d. Adequate inspection and maintenance ladders and walkways. 

e. Lighting. 

23. Equipment Upkeep: 

a. Planned maintenance and inspection program. 

b. Adequate equipment records. 

c. Proper oils, fuels, lubricants used. 

24. Motor Trucks: 

a. Regular inspection and maintenance. 

b. Qualified operators. 

c. Local and State vehicle laws and regulations observed. 

d. Brakes, lights, warning devices operative. 

e. Weight limits and load sizes controlled. 

f. Personnel not carried in an unsafe manner. 

25. Garages and Repair Shops: 

a. Fire hazards. 

b. Dispensing of fuels and lubricants. 

c. Good housekeeping. 

d. Lighting. 

e. Carbon monoxide dangers. 

26. Tunnels: 

a. Adequate ventilation. 

b. Adequate lighting. 

c. Good housekeeping. 

d. Tunnel supports. 

e. Electrical lines. 

f. Operation of hauling equipment. 

g. Proper personal protection. 

h. Gas detectors used. 

i. Proper transportation of personnel. 

j. Control of blasting operations. 

k. Dust protection. 

l. Drilling safety observed. 
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27. Shafts: 


a. Ladders, stairs, adequate and safe. 

b. Top of shaft barricaded, toeboards provided 

c. Adequate lighting. 

d. Ventilation. 

e. Inspection and maintenance of elevators and hoists. 

f. Signals being used. 

g. Shoring and bracing. 

28. Compressed Air Work: 

a. I ime limits for pressure and exertion observed. 

b. Decompression chamber provided. 

c. Gauges operating. 

d. Exhaust valves. 

e. Safety shields. 

f. Signals. 

g. Ventilation. 

h. Sanitary facilities. 

29. Boilers: 

a. State and local regulations and codes observed. 

b. Pressure gauges checked and operating. 

c. Equipment in good working order. 

30. Pressure Vessels: 

a. Gauges operating and checked regularly. 

b. Equipment in sound working condition. 

c. Connections properly made. 

31. Railroad Construction: 

a. Railroad operating regulations observed. 

b. Right of way maintained and clear. 

c. Coupling and uncoupling. 

d. Maintenance of equipment. 

e. Transportation of personnel. 

32. Quarries and Gravel Pits: 

a. Proper signals and safety procedures for blasting. 

b. Screening plants operated safely. 

c. Traffic routed and controlled. 


B-8 


June, 1958 






33. Pipelines: 

a. Shoring and bracing as needed. 

b. Equipment in working order. 

c. Proper access to deep trenches. 

34. Marine Equipment: 

a. Waterways rules and regulations observed. 

b. Life jackets. 

c. Life preservers. 

d. Fire protection. 

e. Engine and machinery room safety. 

f. Floating pipelines, walkways and handrails. 

g. Handrails aboard vessels. 

h. Decks clear, free of oil and grease. 

i. Lights. 

j. Cable. 

35. Electrical Installations: 

a. Adequate wiring, well insulated. 

b. Fuses provided. 

c. Fire hazards checked. 

d. Electrical dangers posted. 

e. Proper fire extinguishers provided. 

36. Fire Prevention: 

a. Fire instructions to personnel. 

b. Fire extinguishers identified, checked, lighted. 

c. Phone number of fire department posted. 

d. Hydrants clear, access to public thoroughfare open. 

e. Good housekeeping. 

f. NO SMOKING posted and enforced where needed. 
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REFERENCE TABLES 


TABLE 1 

Total Safe Loads for No. 1 Common Douglas Fir Planks, 
with Loads Concentrated at Center 

{If the load is uniformly distributed, loads indicated below may be doubled) 



Size 

4 

6 

8 

Span in Feet 

10 12 14 

16 

18 

20 

2"x6" 

Rough 

433 

289 

216 

173 







Dressed 

291 

194 

145 

116 






2"x8" 

Rough 

578 

385 

289 

231 

193 






Dressed 

356 

237 

178 

142 

118 





2"xl0" 

Rough 

723 

482 

360 

289 

241 

206 





Dressed 

450 

301 

225 

180 

150 

129 




2"xl2" 

Rough 

868 

579 

434 

347 

289 

248 

_ 




Dressed 

544 

362 

272 

217 

180 

156 




2"x6" 

Rough 

977 

652 

489 

391 

326 

280 

224 

217 

195 


Dressed 

670 

446 

336 

268 

223 

190 

167 

149 

109 

3"x8" 

Rough 

1300 

866 

650 

520 

433 

372 

326 

289 

260 


Dressed 

925 

617 

463 

370 

308 

264 

231 

206 

185 

3"xl0" 

Rough 

1630 

1082 

813 

650 

541 

464 

406 

361 

325 


Dressed 

1178 

785 

588 

471 

392 

336 

294 

261 

235 

3"xl2" 

Rough 

1950 

1300 

975 

780 

650 

561 

487 

433 

390 


Dressed 

1430 

950 

715 

570 

475 

408 

357 

317 

285 

4"x8" 

Rough 

2315 

1540 

1155 

924 

770 

660 

577 

513 

462 


Dressed 

1770 

1180 

885 

707 

590 

510 

442 

392 

353 

4"xl0" 

Rough 

2400 

1600 

1200 

960 

800 

685 

600 

531 

480 


Dressed 

2054 

1370 

1030 

821 

685 

586 

515 

457 

410 

4"xl2" 

Rough 

3470 

2313 

1735 

1388 

1156 

990 

865 

770 

695 


Dressed 

2730 

1820 

1365 

1092 

910 

780 

682 

606 

545 

6"xl2" 

Rough 

7800 

5200 

3900 

3120 

2600 

2230 

1950 

1730 

1560 


Dressed 

6280 

4180 

3135 

2512 

2090 

1790 

1567 

1390 

1256 


TABLE 2 

Total Safe Loads for No. 1 Common Douglas Fir Beams, 
with Loads Concentrated at Center 

{If the load is uniformly distributed, loads indicated below may be doubled) 

Clear Span in Feet 

Size 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

2"x4" 

360 

235 













2"x6'' 

855 

570 

430 

340 

"285 

245 









2"x8" 

1520 

1015 

760 

610 

505 

435 

”380 

”340 

300 






2"xl0" 


1630 

1220 

980 

815 

700 

610 

540 

490 

445 





2"xl2" 


2390 

1790 

1430 

1195 

1020 

895 

790 

715 

650 

600 




4"x4" 

795 

530 

395 . 

320 

265 

225 

200 








4"x6" 

1910 

1270 

955 

770 

640 

545 

480 

425 

385 






4"x8" 

3400 

2265 

1700 

1380 

1135 

970 

850 

755 

680 






4"xl0" 


3635 

2725 

2180 

1815 

1555 

1365 

1215 

1090 

”990 

905 

”835 



4"xl2" 



3995 

2930 

2665 

2285 

1995 

1775 

1595 

1455 

1330 

1230 

1140 

1065 

6"x6" 

2770 

1850 

1385 

1110 

925 

795 

695 

615 

560 






6"x8" 

5155 

3440 

2580 

2065 

1720 

1475 

1390 

1145 

1030 






6"xl0" 



4135 

3310 

2755 

2365 

2070 

1835 

1660 

1505 

1360 

1275 



6"xl2" 



6060 

4835 

4040 

3465 

3030 

2695 

2425 

2205 

2020 

1865 

1730 

1615 

8"x8" 



3515 

2815 

2345 

2010 

1800 

1560 

1405 

1260 





8"xl0" 



5640 

4510 

3760 

3225 

2820 

2505 

2255 

2050 

1880 

1735 



8"xl2" 



8265 

6615 

5510 

4725 

4135 

3675 

3305 

3005 

2600 

2545 

2360 

2205 

10"xl2" 



7145 

5715 

4765 

4035 

3575 

3440 

2855 

2595 

2380 

2195 



10"xl2" 



10470 

8380 

6980 

5480 

5235 

4655 

4185 

3805 

3490 

3220 

2990 

2790 

10"xl4" 



14430 

11540 

9620 

8245 

7220 

6415 

5770 

5250 

4810 

4440 

4120 

3850 

12"xl2" 



12675 

10140 

8450 

7240 

6335 

5635 

5070 

4605 

4225 

3900 

3620 

3380 

12"xl4" 



17465 

13975 

11645 

9980 

8735 

7765 

6985 

6350 

5820 

5375 

4990 

4655 
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TABLE 3 

Total Safe Loads on Posts, Braces or Struts 
(Based on American Railway Engineering Formula: 1300(1-L/060)) 


Length 
in Feet 



Side of Square 

in Inches 



— 

4x4 

6x6 

8x8 

10x10 

12x12 

14x14 

16x16 

18x18 

1 20x20 

5 

15600 









6 

14600 









7 

13500 

35100 








8 

12500 

34300 








9 

11400 

32800 

62400 







10 

10400 

31200 

62400 







11 


29600 

60300 







12 


28100 

58200 

97500 






14 


25000 

54100 

93600 

140400 





16 



49900 

88400 

137300 

191100 




18 



45800 

83200 

131000 

189300 

249600 



20 



41600 

78000 

124800 

182000 | 

249600 

315900 

390000 


TABLE 4 


Safe Working Loads in Pounds for Manila Rope Slings 
(Loads specified should not be exceeded) 


Circumference 
of Rope 
(Inches) 

Safe Load for 
Single Vertical Leg 
(90 Degrees) 

Double (Tzvo-Leg) Sling 
Degree of Angle zvith Horizontal 
60 45 

Degrees Degrees 

30 

Degrees 

l'A 

530 

390 

350 

265 

2'A 

1080 

810 

720 

540 

3 

1800 

1350 

1200 

900 

3*4 

2700 

2025 

1800 

1350 


3700 

2775 

2465 

1850 

5A 

5300 

3975 

3530 

2650 

6 

6200 

4650 

4130 

3100 

6 X 

8200 

6150 

5465 

4100 


9300 

6975 

6200 

4650 

9 

12800 

9600 

8530 

6400 


Approximate fractional part 

of “90 Degree” column y A 2/3 i/ 

A safety factor of 5 was used in the above table. /2 

Safe loads specified are for each single Manila rope. When used double, or in 
any other multiple, the load may be increased proportionately. For example if the 
sling has three legs, the load may be triple that specified above. 
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TABLE 5 


Safe Working Loads in Pounds for Tackles, Wooden Shell Blocks with 
New Manila Rope (Specified Loads should not be exceeded) 

Safe Working Loads in Pounds 


VA 

4 

530 

475 

850 

1200 

1400 

v 

2J4 

6 

1080 

970 

1800 

2400 

3000 

3500 

3 

10 

1800 

1620 

3000 

4050 

5000 

6000 

3 H 

12 

2700 

2430 

4500 

6075 

7500 

9000 

4 y 2 

14 

3700 

3330 

6100 

8500 

10500 

12000 


For sisal rope, reduce the above loads by one-third, or use next largest size rope. 
Above table allows for one snatch block. If more than one is used, add one extra 
part for each additional snatch block used, in addition to the number of parts shown. 

* Do not use with 1* *4" rope. 


TABLE 6 

Safe Working Loads in Pounds for Wire Rope Slings, 6 x 19 Improved Plow 
Steel, Hemp Center (Specified Loads should not be exceeded) 

Double ( Two-Leg ) Slings 

Safe Load for Single Degree of Angle zvith Horizontal 

Diameter of Vertical Leg 60 45 30 

Rope ( Inches ) (90 Degrees) Degrees Degrees _ Degrees 


H 

A 

2,500 

4,300 

3,600 

2,500 

4,300 

7,400 

5,800 

4,300 

y& 

6,600 

11,400 

9,400 

6,600 

Ya 

9,400 

16,200 

13,000 

9,400 

7 A 

12,800 

22,100 

17,400 

12,800 

1 

16,000 

27,700 

23,200 

16,000 

V/s 

2,1,200 

36,700 

29,700 

21,200 

1 l A 

26,000 

45,000 

36,200 

26,000 

m 

31,400 

54,300 

43,500 

31,400 

1A 

37,000 

64,000 

52,200 

37,000 


Avoid angles of less than 45 degrees. 


TABLE 7 

Efficiency of Wire Rope Connections 

Type of Connection Efficiency 


Wire Rope . 

Sockets—Zinc Type—properly attached 

Wedge Sockets . 

Clips—Crosby Type . 

Knot and Clip (Contractor’s Knot) . . 

Plate Clamp—3-Bolt Type ... 

Spliced Eye and Thimble: 

'A" . 

M” to . 

y%” to i". 

l Vs" to \A” . 

iy&” to 2". 

2 A,” and larger . 


100 % 

100 % 

70% 

80% 

50% 

80% 

100 % 

95% 

88 % 

82% 

75% 

70% 
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TABLE 8 

Safe Working Loads in Pounds for New Wrought Iron Chain Slings 
(Specified Loads should not be exceeded) 

Double (Tzvo-Leg) Slings 

ocife Load for Single Degree of Angle urith Horizontal 


Diameter of Link Vertical Leg 


60 


45 


30 


J4 

1,000 

1,800 

t l// ICO 

1,500 

J-seyr t tJ 

1,000 

H 

2,300 

4,100 

3,300 

2,300 

l A 

4,200 

7,300 

6,000 

4,200 

H 

6,600 

11,400 

9,300 

6,600 

H 

/V IT A1/1 OOrrlrv.'. 1 

9,500 

16,500 

13,500 

9,500 


Inside 
Diameter 
of Eye 
( Inches) 


TABLE 9 

Safe Working Loads for Hooks—Drop Forged Steel 
(Specified Loads should not be exceeded) 


Throat 
Opening 
( In ches) 


Inside 

Safe Working Diameter Throat 

Load of Eye Opening 

( Pounds )_ ( Inche s) _ ( Inches) 


Safe Working 
Load 
( Pounds ) 


Va 

1 

1,000 

Vs 

1 1/16 

1,200 

1 

13/16 

1,400 

Wa 

m 

3,400 

1 ^ 

m 

5,000 

m 

21/16 

8,000 


2 

2/4 

9,400 

2Vs 

2% 

11,000 

2 H 

3 

13,600 

3 r A 

334 

16,000 

3 7 A 

4 

22,000 


If the throat opening of any hook exceeds the dimension given above for the 

C x?^ Sp ^ d, ^^l? meter of the eye > the hook has been overstrained and MUST 
NO 1 BE USED. 

TABLE 10 


Weights of Materials 

Material Approximate Weight Per 

Cubic Foot (pounds) 


Aluminum . 

Ashes . 

Asphalt . 

Brass .. 

Brick (Common) ... 

Brick (fire) . 

Bronze . 

Cement .. 

Concrete .. . 

Copper . 

Crushed Rock . 

Dry Earth, loose 

Granite . 

Lead . 

Lumber—Fir, Spruce 

Lumber—Oak . 

Mortar . 

Portland Cement .... 

River Sand . 

Steel . 

Water . 

Zinc ... . 


166 

43 

81 

524 

120 (About 3 tons per thousand) 

145 

534 

94 (—one sack) 

150 (4050 lbs. per cubic vard) 

537 ‘ 

95 (2565 lbs. per cubic yard"! 

76 (2052 lbs. per cubic vard) 

179 

708 

32 (2666 lbs. per thousand feet) 
62 (5166 lbs. per thousand feet) 
100 


94 (376 lbs. per barrel) 

120 (3240 lbs. per cubic vard) 
490 
62.5 
437 
















































TO FIND: 


TABLE 11 


The circumference of a circle, multiply diameter by 3.1416. 

The diameter of a circle, multiply the circumference by .31831. 

The area of a circle, multiply square of diameter by .7854. 

The area of a triangle, multiply base by % perpendicular height 
The volume of a sphere, multiply cube of diameter by .5236. 

A gallon of water (U.S. Standard) weighs 8 1 / 2 lbs. 

A gallon of water (U.S. Standard) contains 231 cubic inches. 

A cubic foot of water contains 7 l /i gallons, 1728 cub'c inches and weighs 62^4 lbs. 
Doubling the diameter of a pipe increases its capacity four times. 

Board Measure 

In board measure all boards are assumed to be one inch thick. Area of a lineal 
foot multiplied by length in feet will give surface contents in square feet. 


Nails 

Safe load lateral resistance in pounds equals eight times the pennyweight. 
1 6d. nail = 8 x 6, or 48 lbs. 

1 8d. nail — 8x8, or 64 lbs. 

1 lOd. nail = 8 x 10, or 80 lbs. 


Plow-Steel Wire Rope 

Safe load in tons is 8 times the diameter in inches squared. 

W' rope = y x J / 2 = % x 8 = 2 tons 


Manila Rope 

Safe load in tons equals diameter in inches squared. (Not accurate in sizes larger 
than 1 inch.) 

1" rope = 1 x 1, or 1 ton safe load 
l A” hope = 14 x y 2 or % ton safe load 


Open Eye Hooks 

Safe load in tons is diameter of eye in inches squared. 

2" hook = 2x2 = 4 tons 


Shackles 

Safe load in tons is diameter of pin in % inches squared and divided by 3. 

Chains 

Safe load in tons is 6 times the diameter of chain stock in inches squared. 


Timber Plank 

Number 1 common Douglas Fir, 2 x 12 dressed—use a span in feet equal to width 
in inches. 

Square Measure 

An acre is 69.5701 yards square, or 208.710321 feet square. 

A township is 6 miles square = 36 sections. 

A section is 1 mile square = 640 acres. 

A quarter-section is y 2 mile square = 160 acres. 
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Multiply 

Acres 

Barrels of Cement 

Bags of Cement 

Cubic feet 

Cubic feet 

Cubic feet 

Cubic inches 

Cubic inches 

Cubic yards 

Cubic yards 

Cubic yards 

Fathoms 

Feet 

Meters 

Meters 

Meters 

Miles 

Pounds of Water 
Pounds of Water 
Pounds of Water 
Square feet 
Square miles 
Square yards 
Square yards 
Tons (short) 

Tons (long) 


TABLE 12 
Conversion Tables 

By 

43,560 

376 

94 

7.48052 

1.728 

0.03704 

.0005787 

.004329 

27 

46.656 

202.0 

6 

0.3048 

3.281 

39.37 

1.094 

5,280 

0.01602 

27.68 

0.1198 

144 

640 

9 

.0002066 

2,000 

2,240 


To Obtain 

Square Feet 

Pounds of Cement 

Pounds of Cement 

U. S. Gallons 

Cubic inches 

Cubic yards 

Cubic feet 

U. S. Gallons 

Cubic feet 

Cubic inches 

U. S. Gallons 

Feet 

Meters 

Feet 

Inches 

Yards 

Feet 

Cubic feet 
Cubic inches 
U. S. Gallons 
Square inches 
Acres 

Square feet 
Acres 
Pounds 
Pounds 


Cfi 
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